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FOREWORD. 


The reprinting of a sixty-year-old scientific publication, for scien¬ 
tific seasons and in response to a scientific demand, is a raie event 
indeed. Tel it is precisely for such reasons and in response to such a 
demand that the Carnegie Institution is presenting once again its 
Publication 87, The California Earthquake of April 18 , 1906 . 

Dr. William W. Rubcy, whose lifetime of investigation has influ¬ 
enced the course of modem goophy&ics so widely and deeply, and whose 
knowledge of the circumstances surrounding the 1906 earthquake is so 
unique, has honored this edition with an Introduction that provides in 
detail the setting in which the 1906 Report was made It was Dr. Rubcy 
who first sensed and emphasized the special timeliness of the Report 
today. We believe that geophysicists at large m coming years will 
share our gratitude to him. 

The reprmting has been made possible by a grant of $15,000 from 
the Harry Oscar Wood Fund for this purpose. The late Dr. Wood, a 
noted seismologist and fifteen years a Research Associate of the Insti¬ 
tution, was also, most appropriately, a Principal Contributor to this 
volume. 

Cahyl P. Haskins 
President, Carnegie Institution 




INTRODUCTION 


Recommendations to lcpublish this book have como front numerous so uicus—most 
influentially, fiom Dr Ian Campbell As Stale Geologist of the California Division of 
Mines ami Geology, Di Campbell was vcrv much awnic of the cm tent widcspicad intci- 
est, both populai and academic, m caithqnaki>s and of the demand foi this tepoil al 
libraries tliioughont California and elsewhere 

In order lo mulct stand llic place and impact of this icpoit when it uppeared and to 
view it m its historical pei spool ive, it is of liilcicst lo leviewbucfly Die progress of the 
science of seismology mteinationally and m the Umled States up until the publication of 
this lcport m 1908 nnd 1910 

Hjnithqnnkos have nlways been a source of keen mtoiesl—and of terroi—to man In 
ancient awl medieval limes, they wore vaiiously attiibuted to volcnme action, to the col- 
lapse of took caverns, to explosions or the lnslung of winds undeiground, nnd to supei- 
nntural eauses With such a mngc of suggested explnnntions, it is not surpusing that 
individual earthquakes tlint caused great devastation nnd Iosh of life sliould have become 
the object of detailed examination by persons of a cunons and sceptical turn of mind and 
with n bent towaid natural philosophy It is m large pnil tlio lesult of a seiies of mono¬ 
graphic studios by such inventigatois that seismology emeigcd as n scionlifie discipline 
independent of the unrostianted speculation of cnilici writ Cl sl 

The scientific investigation of caithqnnkes may be snul to have begun with a study, 
published m 1781 by John Mielicll of Cnmbiidge ITuiveiHily, of the grent Lisbon enith- 
qunke of L7D5 Michell broke fiee fiom llio interpretations of ehissicnl wtiIpis of Die past 
and relied hoIcIv oil the evidence of direct obsei vat ions A Intel milestone in the develop¬ 
ment of seismology was an investigation of a devastating earthquake at Naples in 1957. 
In 1883 Rohcit Mallet, a pi Helical cugineci of Dublin and later of London, pnbhshed n 
classic monograph on tins Neapolitan quake that stood without rivnl until B I). Oldham’s 
repo it in 1899 on the great caithquake of 1697 at Assam, India 

In the years following Mallet’s woik, seismology advanced significantly as a scientific 
discipline Michele do Bossi, Giuseppe Mercalli, and nasooiiitcs in Italy, Fiancois Foiel and 
Albert Ileim in Switzoiluud, Eduuid Scnss m Anstna, Montessns do Bnllore in San 
Salvador, Fiance, and Chile; and others in Germany and Bussia described mdividnal 
earthquakes, compiled lcgional catalogs of their occurrences, and systnmused the report¬ 
ing of earthquake intensities On May 2,1877, an eaithqiuikc was felt widely throughout 
cential But ope, and in the following vear the Swiss Seismologionl Commission was 
founded It survives today as the Swiss Earthquake Service and has served as the model 
for similar organizations in other countries. 

Seismology emerged as a quantitative science in the late 1680’sin Japan. On February 
22,1880, Yokohama was rocked by a destructive earthquake, which became the subject of 
a memoir published by John Milne, a Butish professor of geology and mining at the 
Imperial College of Engineeung at Tokyo The memoir was published in I860 and latex 
that year, on Milne’s initiative, a group of British and Japanese teachers foimed the 
Seismological Society of Japan. Designers and builders of the first effective seismo¬ 
graphs, Milne and his co-workers investigated individual quakes, the nature of earth¬ 
quake motion, and the distribution of quakes in space and time Individuals in the group 
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performed seismic experiments by means of artificial explosions, compiled comprehensive 
catalogs of Japanese and distant earthquake^ and diew the first tiavel time-distance 
carves These innovative methods of investigation were the foundations of modem 
seismology. 

The study of earthquakes advanced somewhat more slowly in Noith America than 
in Europe and Japan J D Whitney, piofesaor of geology at Harvard University, 
studied the Owens Valley, California, earthquake of 1872 and reported on it that same 
year. G. EL Gilbert, of the U S Geological Survey, m 1884 descuhed numerous recent 
fault scarps boidering the Wasatch Mountains and elsewhere in the Great Basin and 
compared them to similar scarps produced by the Owens Valley quake In 1889 C E 
Dutton, also of the U. S Geological Suivey, published a monograph on the gicat Chailcs- 
ton, South Carolina, earthquake of 1886 In a senes of articles published from 1872 
through 1886, C. G Bockwood, professor of mathematics at Bulgers and then Pnnceton 
University, began the compilation of a catalog of eaithquakcs in the United States Bock- 
wood’s catalog was continued for the earthquakes of California, Baja California, Oregon, 
and the Washington Territory fiom 1887 through 1898 by E. S Holden, duector of the 
Lick Observatory at Mount Hamilton, California, and two of his colleagues These annual 
lists were published as Bulletins of the U S. Geological Suivey 

Holden installed the fiist seismographs in the United States at Lick Obseivatoiy 
and at the Univei sity of California at Berkeley in 1887 Probably the fit st seismic station 
in North America to use a seismograph with continuous recording was at Toionto in 1896 
By 1901, there weie continuous recording stations at Baltimore, Maryland; Philadelphia, 
Pennsylvania; Victoria, B C ; and Mexico Ciiy, Mexico, and by 1904, there wei e statious 
in Washington, D C.; Cheltenham, Maryland, Sitka, Alaska, and Honolulu, Hawaii 

In 1901 the first conference to establish an international organisation of seismolo¬ 
gists met at Strasbourg. By the time of the second confoience in 1903, twenty countries 
were represented—double the numbci that had attended the first H F. Bold, the author 
of Volume U of the piesent study, represented the United States and was also present 
at the first meeting of the permanent commission in 1906, which meeting led to the fonud- 
mg of the International Seismological Association. That organisation met first nt the 
Hague in 1907 and once again Beid was one of the delegates * 

On Apiil 18, 1906, shortly after 5 00 am, a great earthquake stiuck San Fiancisco 
and a long narrow band of towns, villages, aud countiyside to the north-uoithwoht and 
south-southeast Many buildings were wrecked, hundicds of people were killed; electric 
power lines and gas msins were broken Fires broke out and bnnied wildly for days, utterly 
out of control because of severed water mains 

The ground had broken open for moie than 270 miles along a gicat fault—the San 
Andreas rift The countiy on the east side of the rift had moved southward lelative to 
the country on the west side of the nft The greatest displacement had been 21 feet about 
30 miles noxthwest of San Francisco 

Nearly all the scientists in California bogan immediately to assemble observations 
on the reaulta of the quake Professor A. C. Lawson, chairman of the geology department 
at the University of California, took the first steps that led to Governor George C. Pardee’s 
appointment, three days after the shock, of a State Earthquake Investigation Commis¬ 
sion to unify the work of scientific investigations then under way The members of this 


* Gutenberg, Bene, Seismology, in Geology, 1889-1936, 50tb Anmv Vol Gobi Soc Amer, p 466. 1941 
Much additional information about the history of seismology may be found in 

t FowuIeta °f Geology, 2nd ed, Macmillan & Oo, 1905 Beprmted, Dover Pubs, 

Ufliy 486 pm 1968 

Adams, F. D, The Birth end Development of Me Geological Beienoee, Dover Pabi, Ino, 1938 Beprmted, 
606 pp, 1994 * 

Davison, Charles, The Pouniete of Seismology, Cambridge Umv Press, 240 pp, 1927 
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CommiRhion weie Professor Lawson, Chairman, J C. Bionnci, professor of geology 
at Sianfoid Umveisity, Chailcs Bnickhaltei, director of the Chabot Obscrvatoiy at'Oak¬ 
land, W W Campbell, director of Lick Obscrvatoiy, George Davidson, piofessor of 
astionomy at Llie University of California, G TC. Gilbcit, geologist of the U. S. Geological 
Suivoy, A 0. Leusclincr, professor of astionomy at the University of California, and 
H F Bold, professor of geology at Johns Hopkins Umveisity With the exceptions of 
Gilbert and Beid, none of the Commission members weic then known as students of 
earthquakes Noveltheless, they weic a distinguished and highly competent group of 
men Two of the geologists and two of the oat ronomeis were then members of the National 
Academy of Sciences and three others anbacqneutly became members of that body 

At itR first meeting thiee days aftei it was appointed, the Commission organised 
itself into two committees One, dinned by Lawson, was to deleiminc surface changes 
associated with the earthquake and to collect data on the intensity at different places The 
second committee, with Lenschnei as chairman, woa assigned the collection of data on 
the tune of arrival of the earthquake at different places A few weeks latci, when the main 
featuics of the quake had become known, a thud committee, led by Reid, was appointed to 
considci problems of the geophysics of the earthquake. The three committees consisted of 
members of the Commission and 21 other scientists, many of whom—sueh as Fusakiehi 
Omoii, professor of seismology at the Impel ini University of Tokyo and one of the 
greatest seismologists of Japan—were already well-known and many others who later 
became internationally known as leadeis in geology, mathematics, mctcoiology, and other 
fields of science 

No Fit ate funds were available to defray the expenses of the Commissions investigation, 
lmt provision for this purpose was mode by the Carnegie Institution of Washington. 

The Commission submitted a preliminaiy repoit of twenty pages to Governor Pardee 
on Hay 31, 1900 In November of the same year, the constitution of the Seismological 
Society of America was adopted. Tlic first picsidcnt of the Society was George Davidson, 
followed in successive years by A. C. Lawson, J. C Biannci, and A G McAdic, a member 
of Committee II of the Eaithquake Commission The secretary of the Society foi many 
years was S D Townley, also a member of Committee II 

In pi operation of the final report, hundreds of people were mtei viewed and avidcnco 
was collected fiom every damaged area as well as from records from seismograph stations 
throughout tlic world. Lawson spent the winter of 1906-1907 m Washington compiling 
and editing individual reports fr om more than twenty collaborating scientists. Tie pre¬ 
pared an introduction, a section on the geology of the Coast Ranges, and many explana¬ 
tory statements and summaries to weld the woik into one uniAcd icport Volume I, paits 
1 and II, mid the accompanying folio atlas were published in 190R by the Carnegie 
Institution of Washington Volume U, The Mechanics of llir Eaithquakr, by H F Reid, 
followed m 1910 

The exhaustive report was favorably received on its publication and it continues even 
today to be very highly regarded by seismologists, geologists, and enginceis concerned 
with eaithquake damage to buildings Volume I, established a model of earthquake inves¬ 
tigation and reporting that has been widely followed ever since Furthermore, it affords 
an invaluable pictorial record against which tectonic and other geologic changes since 
1906 can be compared Reid’s masterly presentation of the elastic lebound theory of 
earthquakes in Volume II, lemams today an apparently satisfactory explanation of one 
of the more important mechanisms of seismic activity In all, the report stands as a mile¬ 
stone in the development of an understanding of earthquake mode of action and origin. 

Wiluam W. Ruhr 1 




PREFACE. 


Tlio uccount ot the California eurtliquake of April 18, 1008, contained in lliih 
report, exemplifies the spirit of cooperation which pervades tlie suiuntilic work m our 
day. Immediately following Uie grant shock not only was the ucuessity of a soicntitn 
inquiry generally perceived, but it was realized Unit tlie occasion affoidcd an exccii- 
tional oppoitunity for adding to our knowledge of earthquakes. Tlie scientific men 
of the state, each on lus own imitative, began the woik of assembling obsoivatioim, 
the more intelligent citizens bocamo persistent m their inqumes as to the nature of 
the earthquake, its extent and intensity, and the causes m general of suoli tomhlu 
disasters, and tlio state, thru its then Governor, Gcoigo C. Paidee, luufiod the woik 
of scientific investigation by tlio appointment oL a cniunuttco of eight to direct thu 
work This committee was appointed on Apul 21, 1006, and hocame known as tlio 
Htuto Earthquake Investigation Commission On May 31, 1006, thu Commission 
submitted a “Prelimmaiy Report 1 ' to tlio Governor, wlucli was piinted and very 
generally distributed. In this report tlio details of the organization of the Commis¬ 
sion, tlie progiam of its woik, and Uie results attained to tliat date aro sot forth. But 
whilo tlie Commission acted under tlio authority of the (lovernor of the Htato, no 
money was provided by thu Government for Uto couduot of its work. The embar¬ 
rassment arising from tins lack of funds was lulicvcd about Juno 1,1006, by a sub¬ 
vention from Uio Carnegie Institution of Washington, wluuli enabled the Commission 
to prosoouto its work as it had been planned 

About Uie end of Uie year 1006, tlio greator part of tlie obsorvationul data having 
been collected, the work of sifting, coord mating, compiling, and editing Uie same 
devolved upon tlie Chairman of tlio Commission. The results of tins work, including 
several spooiol papors by various investigators, are oontauied m Volume I, parts I 
and II, of Uio rcpoit and in the twenty-fi\a maps of the accompanying alias. In this 
volume espooinl effort has boon mode to give due orodit to ovuiy contributor, whether 
lio bo a soientifio writer discussing some particular phase of tlio general problem, or 
a citi/on assisting with local liifoiination. In all cases wbeie there is no ascription 
of authorship the Chuirmnn of the Commission is responsible for the statements mnde. 
The mulUplioity of contributors has mado it inconvenient to duplioato their names 
in the already lengthy table of contents. 

In general, Volume I is a reoord of obsoivations with quite subordinate discussion 
of the facts leuorded. The effort to condense the reoord as far ns possible has been 
tempered by Uie desire to omit no significant foot, so that the reoord may be as 
complete as possible for purposes of oompanson with similar events which may ooour 
in years to come. In Uie preparation of this volume the Chairman of the Commission 
gratefully acknowledges the kind advice and cordial assistance of Messrs. G. K. Gil¬ 
bert and II. F. Reid. The Commission is also under great obligation to its Seoretary, 
Mr. A. O. Leuschner, for his very effioient services 

Volume II is ohiefiy a discussion of instrumental records and of Uie data bearing 
upon the mechamos of earthquakes, by Mr. H. F. Reid, who also contributes a general 
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PREFACE. 


dismission of the theory of the seismograph, which is the first to appear m English. 
Ai'comp.uiyiiig this volume are many seismograms of the earthquake, whioh appear 
in the general alius. Those seismograms are records of the shock as registered at 
almost nil tlio ucihiuolngical stations the vroild over, and are published at the sug¬ 
gestion of the International Soisiiiological Association for purposes of comparison with 
one Another, to the enil that the best recoiding devices may be geneislly adopted, 
uiid .list) for comparison with the similar senes of seismograms of the Valparaiso earth¬ 
quake of August 10, l'.IOfi, which has been published by the Association. 


lthitki i.hi, May 11, inns. 


Andrew C. Lawson, 

Chairman State JSm Ihquttke Investigation Coni Mission 
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THE CALIFORNIA EABTHQUAEE OF APRIL 18,1906. 

IHTEODDCTION. 

On the morning of April 18,1900, the coastal region of Middle California was shaken 
by an earthquake of unusual seventy. The time of the shock and its duration varied 
slightly in different localities, depending upon their position with reference to the scat 
of the disturbance in the earth's crust, but in general the time of the occunence may 
be stated to be 5 ta 12” a. m. Pacific standard time, or the tune of the meridian of longi¬ 
tude 120° west of Greenwich; and the sensible duration of the shock was about one 
minute. 

The shock was violent in the region about the Bay of San Francisco, and with few 
exceptions inspired all who felt it with alarm and consternation. In the cities many 
people were injured or killed, and in some casos persons became mentally deranged, as 
a result of the disasters which immediately ensued from the commotion of the earth 
The manifestations of the earthquake were numerous and varied. It resulted in the 
general awakening of all people asleep, and many were thrown from their beds In the 
zone of maximum disturbance persons who were awake and attending to their affairs 
were in many cases thrown to the ground. Many persons hoard rumbling sounds imme¬ 
diately before feeling the shook Some who weie in the fickle report having seen the 
violent swaying of trceB so that their top branches seemed to touch the ground, and others 
saw the passago of undulations of the soil. Several oases are reported in which persons 
suffered from nausea as a result of the swaying of the ground. Many cattle were thrown 
to the ground, and m some instances horses with riders in the saddle were similarly 
thrown Animals in general seem to have been affected with terror. 

In the inanimate world the most common and characteristic effects were the rattling 
of windows, the swaying of doors, and the rocking and shaking of houses. Pendant 
fixtures were caused to swing to and fro or in more or less elliptical orbits Pendulum 
clocks were stopt Furniture and other loose objects m rooms wero suddenly displaced. 
Brick chimneys fell very generally. Buildings wore in many instances partially or 
completely wrecked; others were drifted on their foundations without being otherwise 
seriously damaged. Water or milk in vessels was very commonly oaused to slop over or 
to be wholly thrown from the vessel. Many water-tanks were thrown to the ground. 
Springs were affected either temporarily or permanently, some being diminished, others 
increased in flow. Landslides were caused on steep slopes, and on the bottom lands of 
the streams the soft alluvium was in many places caused to crack and to lurch, pro¬ 
ducing often very considerable deformations of the surface. This deformation of the 
soil was an important cause of damage and wreckage of buildings situated in such tracts. 
Bailway tracks were buckled and broken. In timbered areas in the zone of maximum 
disturbance many large trees were thrown to the ground and in some cases they were 
snapt off above the ground, 
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The most disastrous of the effects of the earthquake were the breaking out of fires and, 
at the same time, the destruction of the pipe systems which supplied the water neces¬ 
sary to combat them Such fires caused the destruction of a large portion ot San Fian- 
cisco, as all the wmld knows, and they also intensified the calamity due to the earth¬ 
quake at Santa Rosa ami Fort Bragg The degree of intensity with which the earthquake 
made itself felt by these various manifestations diminished with the distance from the 
seat of disturbance, and at the mote lemote points near the limits of its sensibility it 
was peiceived only by a feeble vibration of buildings during a lnief period 

The aiea over which the shock was perceptible to the senses extends from Coos Bay, 
Oiegon, on the north, to Los Angeles on the south, a distance of about 730 miles, and 
.ea*teily as far as Winnemucca, Nevada, a distance of about 300 miles from the coast. 
The territory thus affected has an extent, inland from the coast, of probably 175,000 
square miles If we assume that the sea-bottom to the west of the coast was similarly 
affected, which is very probably true, the total area which was caused to vibrate to such 
on extent as to be perceptible to the senses was 372,700 square miles. Beyond the 
limits at which the vibrations were sufficiently sharp to appeal to the senses, earth waves 
were'propagated entirely around the globe and weie recorded instrumentally at all the 
more important seismological stations in civilized countries 

The various manifestations of the earthquake above cited, including the cracking and 
deformation of the soil and incoherent surface formations, were the results of the earth 
jar, or commotion in the earth's crust. The cause of the earthquake, as will be more 
full}' set forth in the body of this report, was the sudden rupture of the earth’s crust 
along a line or lines extending from the vicinity of Point Delgada to a point in San 
Benito County near San Juan, a distance, in a nearly straight course, of about 270 miles. 
For a distance of 190 miles from Point Arena to San Juan, the fissure formed by this 
rupture is known to be piactically continuous Beyond Point Arena it passes out to 
sea, so that its continuity with the similar crack near Point Delgada is open to doubt; 
and the latter may possibly be an independent, tho associated, rupture parallel to the 
main one south of Point Arena. It is most probable, however, that there is but one 
continuous rupture. The course of this fissure for the 190 miles thru which it has been 
followed is nearly straight, with a bearing of from N 30° to 40° W., but with a slight 
general curvature, the concavity being toward the northeast, and minnr local curvatures 
The fissuie for the extent indicated follows an old line of seismic disturbance which 
extends thru California from Humboldt County to San Benito County, and thatwfl 
southerly obliquely across the Coast Ranges thru the Tejon Pass and the Cajon Pass into 
the Colorado Desert This line is marked by features due to former earth movements 
and will be referred to m a general way as a Tift, the term being adopted from the 
usage for analogous features m Palestine and Africa 1 To dwtingniah it from other nfts 
of similar origin, it will bo refei red to more specifically as the San Andreas Rift, tho 
name being taken from the San Andreas Valley on the peninsula of San Francisco, where 
it exhibits a strongly pronounced character and where its diastrophic origin was first 
recognized m liteiature 

The plane or zone on which the rupture took {dace is, so far as can be determined 
from a study of the surface phenomena, nearly vertical, and upon this vertical plane 
there occuired a horizontal displacement of the earth's crust or at least of its upper 
part. The displacement was such as to cause the country to the southwest of the rift 
line to be moved northwesterly relatively to the country on the northeast side of that 
line The differential displacement in a horizontal direction was probably not less 
10 feet for the greater part of the Rift; in many places it measured over 15 feet, and in 
one {dace as much as 21 feet. 

1 Roy Geograph Soc vol xv, 4,18B4 The Great Rift Valley, by J W Gregory, London, ISM 
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This differential displacement of the earth's crust along the plane of rupture constitutes 
a fault, and will be so referred to in the text of the loport It is named the San Andreas 
fault The intersection of the fault plane or nanow zone with the surface of the ground 
is manifested by cracks, heaved sod, scarps, etc, and these manifestations arc desig¬ 
nated the faulHmee As a result of this fault, all the fences, roods, railways, bridges, 
tunnels, dams, pipes, and other structuics which most its path were dislocated All 
pi operty lines and other survey lines which wci e intersected by it woi o offset. Inasmuch 
as the movement of the earth which caused the fault was not confined to its immediate 
vicinity, but was distributed over a considerable belt of country on oither side of the 
trace of the rupture, the latitudes and longitudes of a large portion ot the Coast Ranges 
of California weie changed, and the triangles established by the Coast oml Geodetic 
Survey in its triangulation of the region wcic distorted. 

In addition to the horizontal displacement there was, particularly toward the noithcm 
end of the fault, a vortical displacement piobably nowhoic exceeding 3 to 3 feet, whcieby 
the country to the southwest was raised relatively to that to the northeast. In many 
places, however, particularly toward the southern end of the fault, no vortical displace¬ 
ment can be detected r and there is some indication that, if there was vertical displace¬ 
ment in this region, it was the rcvoise of that observed in Lhc northern portion of the 
fault. This rupture of the oartli’s crust gave rise to certain manifestations at Llic surface 
which resemble those described above as a result of the vibiaiory commotion of the 
earth, due to the sudden displacement. The cracking and reading of the suriacc along 
the line of the fault is a direct expression of the rupture and displacement which origi¬ 
nated the earthquake, whereas the cracks, fissures, and lurching of the soft bottom lands 
and the l»»-nHaliHp cracks on the hillsides, whether near the fault line or remoto from it, 
arc referable to the oscillation of tho crust. The two classes of phenomena must, there¬ 
fore, be discriminated, partloulaily as there has been a tendoncy on the part of some 
observers to tho secondary phenomena with the primary and interpret the fanner 
as indicative of fault lines in the earth's crust, when in icalily they are merely superficial 
phenomena. 

While the shock was perceptible to the senses to the extent above indicated in California, 
Nevada, and Oregon, the distribution of the higher grades of intensity was remarkably 
linp-AT and was definitely related to the fault line, and to the general trend of the coast of 
California. This may be brought out in a preliminary way by stating that a zone of 
destructive cffocta extends parallel-to the Rift from Humboldt Bay, in Humboldt County, 
to the vicinity of King City in Monterey County, a distance of 350 miles. If we take the 
throw of brick chimneys and allied phenomena as indicating the limits of what may be 
called destructive effects, tho width of this zone may be fairly approximated at about 
70 miles, or about 35 miles on cither side of tho fault, oi its prolongation where no actual 
fault is- observable at the surface. Tho length of this zone of destruction is thus five 
times greater than its width, and the total area within which the shock was sufficiently 
severe to throw brick chimneys may be placed at something over 25,000 square miles; 
it being assumed that the seventy to the southwest of the fault, beneath the waters of 
the Pacific, was equal to that on the land If the fault near Point Ddgada be regarded 
as distinct from that extending from Point Aiena southeasterly, then the total area of 
these high intensities would be considerably larger m the direction of the Pacific 

Within this outer limit of destructive effects the intensity increased toward the fault. 
But proximity to the fault was not the only factor determining the degree of intensity. 
The soft, more or less incoherent, and water-saturated alluvial formations of tho valley- 
bottoms were much more severely shaken than the rocky slopes of the intervening 
ridges, and the structures upon them were consequently more commonly and more 
completely wrecked. It is not understood by this excessive damage on the valley- 
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bottoms that the vibratory movement due to the passage of the earth-wave was 
characterized by greater energy than where it traversed elastic rods; but that this 
energy was manifested in a form of movement more destructive to structures upon 
the surface. The intensity of the shock upon the valley-bottoms, as inferred from 
damage, seemed abnormally high. In terms of energy it was probably not abnormal. 
It thus became necessary to discriminate between apparent intensify and real intensify 
Inasmuch as we have to deal primarily with obsowable effects and record these as 
a basis for inference, it has been found convenient to use the term “apparent inten¬ 
sity" in a technical sense thruout the report; and all the grades of intensity specified, 
even when the qualification "apparent” is omitted because of the weansomeness of its 
reiteration, are grades of "apparent intensity” arrived at by applying literally the 
criteria of the Rossi-Forel Beale 



GEOLOGY OF THE COAST SYSTEM OF MOUNTAINS. 


DEFINITIONS. 

In common with many other mountainous tracts the world over, the Coast System has 
limits which am difficult of precise definition. The criteria which serve to discriminate 
one tract from another am various and have different values in different oases. Any 
attempt at precise definition must be mom or less arbitrary. An outline of the extent 
and subdivisions of the system will, however, be presented in summary fashion. 

On the north the Coast System extends to the northern end of Humboldt County, and 
in that county and in southern Trinity County the last typical ridge is South Fork 
Mountain. This is a remarkably linear ridge beginning near the coast and extending 
with a northwest-southeast course to the vicinity of North Yallo Bally Mountain. Be¬ 
yond South Fork Mountain to the northeast lie the Klamath Mountains, a group mom 
nearly allied in the history of its uplift and in its constituent rooks to the Siena Nevada 
than to the Coast Range. On the south the Coast System is sometimes regarded as 
ending in Santa Barbara County; and the mountains of Southern California, thence 
east-southeast and south to the Mexican boundary, am regarded as a distinct system, 
being viewed as a northerly prolongation of the orographic axis of the peninsula of 
Lower California. The chief consideration favoring this distinction is the change in 
trend of the mountain ridges, which becomes apparent just north of the Santa Barbara 
nhunnal Other facts favor this discrimination, such as the prevailing absence of the 
Franciscan formations in the mountains of southern California and the greater abun¬ 
dance of granitic rocks; but more especially the greater inoisivenesB of the structural 
lines, indicating, on the whole, more intense orogenic action. But these considerations 
are largely offset by the unmistakable continuity of the tectonic lines of the northern 
ranges into the mountains of southern California, and by the fact that the movements 
to which their larger features are due date from the dose of the Tertiary. It would 
seem, therefore, that there is sufficient unity of character in these coastal mountains, in 
spite of their change of trend, to warrant their being classed as the Coast System from 
South Fork Mountain south to the Mexican boundary and beyond. That term may 
be used in a comprehensive sense, significant of the genetic and structural unity which 
runs thru them. 

It will nevertheless be very convenient to recognise three subdivisions of the Coast 
System thus outlined. The first of these subdivisions extends from South Fork Moun¬ 
tain on the north to the Valley of the Cuyama River on the south, and may, in accord¬ 
ance with popular usage, be referred to simply as the Coast Ranges, the term “system” 
being used only when it is intended to express the more comprehensive view. The second 
subdivision fa a broad chain extending from Santa Barbara County to the far side of the 
Colorado desert with a general trend of west northwest-east southeast, and including the 
San Rafael, Santa Ynez, Santa Susannah, Santa Monica, San Gabriel, and San Ber¬ 
nardino Ranges, and also, perhaps, the Chocolate Range. This chain is sometimes 
referred to as the Sierra Madre, tho the full application of the term in popular usage is not 
dear. The third subdivision embraces the mountainous country south and southeast 
of the valley of Southern California, the principal ranges of which are the Santa Ana and 
the San Jacinto. These have the northwest-southeast trend of the CoaBt Ranges and, 
in accordance with the suggestion of some of the earlier writers on Californian geology, 
may be referred to as the Peninsular chain. 
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GEOLOGICAL HISTORY. 

The Coast Ranges of California have had a long and varied geological history. Their 
structure is complex and the sequence of formations differs at different points. Several 
of the more important groups of sedimentary rocks contain, bo far as known, but few 
fossils or none at all. Only in recent years have the topographic maps necessary for 
an adequate study of the stratigraphy and structure of the region become available, 
and then only for limited areas. Nevertheless the general outlines of the geology of 
the Coast Ranges are known, and m some of the localities which have been topograph¬ 
ically mapped, a considerable body of detailed information is at hand 

The oldest sedimentary rocks of the Coast Ranges are of unknown age They com¬ 
prize impure and somewhat magnesian limestone, quartzites, and various crystalline 
schists. The limestones are usually m the form of coarse maible varying in color from 
dark gray to white and containing frequently some graphite and less commonly lime 
silicate. The quartzites are thoroly indurated, as a rule, sometimes to the extent of be¬ 
ing vitreous, and usually show well-marked stratification. The schists have as yet been 
little studied, and no adequate observations upon their character in detail have been 
put on record. They are known, however, to comprize both micaceous and homblendic 
varieties 

These marbles, quartzites, and crystalline schists are known only m more or less 
fragmentary form, associated with considerable bodies of granitic rocks which have 
invaded them as batholiths. The most common occurrence of the marbles, quartzites, 
and schists is in the form of limited belts and isolated patches embedded in the granitic 
rocks, or m limited areas flanking the margins of the batholiths, and shewing evidence of 
contact metamorphism It is evident m most esses, and is probably generally true, 
that the granite of the Coast Ranges is of later date than the metaznorphic sedimentary 
rocks associated with them. While the age of these pregramtic sedimentary formations 
is at present unknown, the age of the granite is suggested by its seeming identity with the 
granite of the Sierra Nevada. The latter is a vast batholith known to be intrusive 
in Paleozoic and Mesozoic strata as late as the Upper Jurassic This granite has been 
followed thru the Sierra Nevada to Tehachapi and Tejon Pass, where the range curves 
sharply around and passes into the Coast Ranges Passing northerly thru the Coast 
Ranges, granite identical in character with that cf the Sierra Nevada, and carrying 
identical inclusions of older sedimentary rocks, is traceable in more or less extensive 
areas from the upper reaches of the Cuyama River to Bodega Head on the coast north of 
the Golden Gate. It thus seems probable that the granite of the Coast Ranges, like 
that of the Siena Nevada, is of late Jurassic or post-Jurassic age. The granitic rocks of 
the Coast Ranges, together with the pregranitic rocks into which they are iiruptive, 
constitute a complex which is thus the probable analogue of the Bedrock Complex of the 
Sierra Nevada. 

This Coast Range Complex was subjected to vigorous erosion and then submerged to 
serve as the sea floor upon which the senes of rocks known ss the Franciscan was 
deposited. This senes consists for the most part of medium coarse, dark gray or 
greenish-gray sandstone, strongly indurated, with subordinate shales and conglomerates. 
Intercalated with these sandstones are important horizons of foramimferal limestone 
and radiolanan chert and admixtures of volcanic rooks, chiefly basaltic in character. 
Id the vicinity of the Bay of San Francisco, where the series is best known, it falls into 
seven stratigraphic divisions. These are in ascending order: 

(1) A group of arkose sandstones with some conglomerates and reposing uncon- 
formably upon the Montara granite and with an aggregate thickness of about 800 feet. 

(2) A formation of light-gray, very compact and fine-textured foramimferal lime¬ 
stone ranging in thickness from about 60 to possibly a few hundred feet. 
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(3) Sandstones aggregating 2,000 feet in thickness 

(4) A formation of radiolanan cherts from 100 to 900 feet 

(5) Sandstone, 1,000 feet. 

(6) Rndiolaiian elicits, 500 feet 

(7) Sandstone, 1,400 feet. 

In this sequence of sedimentary strata, particularly toward its upper part, there are 
intercalated lavas at various horizons 

After their accumulation, but bcfoic the next higher series of rocks was deposited upon 
them, the Franciscan strata were invaded by intrusive rocks at points so numerous and 
so widespread thruout the Coast Ranges that these intrusive bodies constitute one 
of their most characteristic associations, in contrast to the sones which succeed them. 
The intrusive rocks are of two goncral types One is a highly magnesian rock, usually 
a peiidotite, but with facies of pyroxomte and gabbro, the pciulotite being generally 
almost completely serpentimzed. Tho other is a basaltic rock grading into diabase and 
having in many of its occuirencos the peculiar structure characteristic of the spheroidal 
basalts. In addition to the spheroidal structure on the gross scale, it is in some eases 
variohtio. Associated with both of these intrusives are aieas, generally of limited 
extent and sporadic distribution, of glaucophane and other crystalline schists, which 
appear, where they have been most thoroly studied, to be tho result of a peculiar kind of 
contact metamorphiam 

The stratigraphic composition of the Franciscan series indicates an interesting to-and- 
fro migration of the shore line of that time, probably due to a vertical oscillation of the 
continental matgin. Tho basal group of sandstones, shales, and conglomerates is clearly 
a terrigenous deposit laid down m proximity to the margin of the continental area from 
which the sediments were derived. The next succeeding formation, the foraminifcral 
limestone, on the contrary, is nonterrigenous. Its character as nearly pure carbonate 
of lime, except for the flinty lenses and nodules it contains, and the abundance of foram- 
imfora, indicates that the sea-bottom over the picscnt position of the San Francisco 
Peninsula was too remote from the shore to receive an admixture of sand or clay. That 
is to say, tho conditions which favored the deposition of tho limestone were inaugurated 
by a withdrawal cf the shore line from the position which it occupied during the deposi¬ 
tion cf the underlying sandstones. Anil this lateral migration of the shore was doubtless 
the result of a sinking of the coast. 

Above the faramimforal limestone sandstones again occur, indicating a return of the 
shore to about Its former position, doubtless due to an uplift of the scar bottom and coast 
Thcso sandstones arc in turn followed by a nontori igenous formation of radidarian cherts. 
These-are for the most port flinty rocks containing abundant remains of radiolaria, 
marine organisms which secrete a siliceous test instead of a calcareous one, as in tho 
case of the foramimfera. They contain no admixture of sand, and the shaly partings 
which separate the layers of chert are very doubtfully referable to land waste. Here 
again the Bea bottom must have been deprest and the shore line caused to withdraw. 
These radidarian cherts aie-followed again by sandstones, and these by a second forma¬ 
tion of radidarian cherts, the former as before indicating uplift of the sea-bottom and the 
latter depression The last movement in Franciscan time was uplift, indicated by the 
sandstones, which rest upon the second horizon of radiolarian cherts and which constitute 
the topmort formation of the Franciscan series 

The age of the Franciscan is not positively known. Certain general considerations, 
however, contribute data upon which a tentative judgment as to this question may be 
based. StratigraphicaUy, the Franciscan lies upon the-oroded surface of the Coast Range 
granites, the correlation of which with the postiJurassic granites of the Sierra Nevada 
has been suggested. If such correlation be adopted, the age of the Franciscan must be 
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post-Jurassic. On the other hand, the Franciscan is clearly pre-Knoxville; and the 
Knoxville has usually been regarded as the local base of the Cretaceous. Fossils are 
scarce in the Franciscan, but such fragmentary forms as have thus far been found point 
to a Cretaceous age. It would seem not improbable/ therefore, that the Franciscan 
represents a pre-Knoxville division of the Cretaceous, which has not as yet been recog¬ 
nised in the geological scale The question, however, requires further investigation before 
a final decision can be reached. 

After the accumulation of the Franciscan strata as thus characterised, and perhaps 
in connection with the invasion of the series by peridotitic and basaltic mtrusives, 
the region was folded and broken, and elevated within the zone of erosion. The 
elevatoiy movement was probably quite general The Franciscan, while subjected to 
general denudation, was probably nowhere stript down to the underlying basal complex 
before it was submerged to receive the next succeeding sedimentary strata. These 
comprise the Knoxville formation, consisting wholly of shales and sandstones with quite 
subordinate layers and lenses of limestone, all in very regular and rather thin strata, 
significant of deposition in a shallow basin under fluctuating conditions of transportation. 
The Knoxville vanes in volume from a few hundred to several thousand foot and is widely 
distributed over the Coast R&ngos It is succeeded in the vicinity of the Bay of San 
Francisco, and to a less marked degree in other parts of the Coast Ranges, by a formation 
of coarse conglomerate known as the Oakland conglomerate. This conglomerate attains 
a thickness of over 1,000 feet in places and follows the Knoxville dial«n in apparently 
conformable sequence. The change in the character of the deposits from to coarse 

conglomerates, without any interruption in the continuity of sedimentation, suggests 
an orogemc disturbance of the wm-gnna of the basin within which the Knoxville beds 
were accumulating, whereby the grades of the streams were greatly accentuated and the 
degradation of the continental region correspondingly accelerated. 

The Oakland Conglomerate, or, where that is missing, the Knoxville shale, is directly 
followed by a formation of thick bedded sandstones and dudea known as the Chico 
formation. It has a thickness in places of many thousands of feet. The entire volume of 
strata, from the base of the Knoxville to the top of the Chico, is usually referred to as 
the Shasta-Chico Series, the Shasta comprizing the Knoxville and Oakland formations, 
together with certain other paleontological subdivisions not here particularly men¬ 
tioned. The series is remarkable for its great volume. In the northern Coast Tfangea 
to the west of the Sacramento Valley, the thickness of the sedimentary aflcHnn, com¬ 
prizing practically only sandstones and shales, is as much as 29,000 feet. This vast 
accumulation of strata clearly signifies the development of a great geosyncline, or depres¬ 
sion of the sea-bottom m that region in which deposition kept pace with subsidence 
thruout this portion of Cretaceous time. The Sh&sto-Chico series is usually regarded as 
comprising the whole of the California Cretaceous, but the considerations cited above 
in regard to the Franciscan indicate that the latter may perhaps be in clu d ed in the 
lower Cretaceous section of this region 

The movements which brought the Mesozoic to a dose and inaugurated the Tertiary 
in the Coast Range region were not those of violent orogenic deformation such as charac¬ 
terise this period of geological time in many other parts of the world; but were rather of 
the nature of a partial elevation of the region, with quite gentle deformation, resulting 
in a notable restriction of the basin of deposition. The earliest Eocene strata diow no 
marked structural discordance with the Chico. It is nevertheless very probable that a 
notable unconformity exists, since the abundant and characteristic Cretaceous fa™* 
disappeared and was supplanted by an almost totally distinct Mwam hliigp of life farms. 
The Eocene of the California Coast Ranges falls into two paleontologically distinct 
groups which have been classed together as the Karquines series. The lower of 
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comprizes about 2,000 feet of sandstones, portions of which are green sands, together with 
some shales. These make up the Martinez group Its distribution, so far as known at 
present, is quite limited and is confinod to the middle Coast Ranges on their eastern side, 
between Clear Lake and Mount Diablo The upper division of the Karquines is known 
as the Tejon group, and comprizes also about 2,000 feet of sandstones, often somewhat 
ferruginous and weathoiing reddish, but very strongly ccmontod. The Tejon strata 
are apparently confoimable upon the Martmoz, but the sharp contrast in the faunal 
contents of the two groups suggests rather widoapicad physiographic changes at the 
dose cf the Martinez which may be regarded as indicative of unconformity. The Tejon 
strata are much more widely distributed than the Martinez, a fact which suggests the 
enlargement of the Karquines basin of deposition by subsidence of the coast during the 
progress of Eocene time 

The next succeeding group of rocks, belonging to the Oligocene division of the Ter¬ 
tiary, has been namod the San Loienzo Formation. 1 It is known in Santa Cruz County, 
where it attains a thickness of 2,300 feet, made up chiefly of gray shales and fine sand¬ 
stones Its stratigraphic relations to the Tejon are not yet known, but its fauna is said 
by Arnold to contain many species which appear to be closely related to Tejon forms. 
It may thus be considered as following the Tejon conformably. It is in certain sections 
known to be unconformnble boncath the oldest formation of the Miocene, known as the 
Vaquaros Sandstone, indicating that after the deposition of the San Lorenzo formation, 
the region of the Coast Ranges was disturbed and uplifted into the zone of erosion; 
and the following facts regarding the transgression of tho Miocene Sea indicate that this 
uplift was a very extensive one Such an uplift in time immediately preceding the 
Miocene is further indicative of a much doser relationship botween the San Lorenzo 
and the Tejon than between the former and tho Montorey. 

Miocene time in the Coast Range region was characterized by a progressive subsi¬ 
dence with oscillations of the coast. Tho Miocene sea gradually transgrest the conti¬ 
nental margin from the southwest, and as it did so spread a formation of arkoso sands and 
conglomerates over the greater part of the southern Coast Ranges. This was followed, 
as the water deepened with progressive subsidence, by a remarkable deposit of bitumi¬ 
nous shales. These shales are usually whitish or cream-colored, tho often of a purplish 
or other dark tint, and may be either of a soft chalky consistency, or opaline, or hard and 
flinty. It is thruout an essentially siliceous formation and is largely diatomaceous in 
character, tho more or less adxnixt with volcanic pumiccoua ash. In some portions 
the ash is a prominent constituent, and in San Luis Obispo County there is a deposit 
aggregating about 1,000 feet in thickness of well-stratified volcanic tuff and agglomerate 
In San Mateo County there are basalts which were erupted at this period Interstratifiod 
with these siliceous shales, thin beds of more or loss ferruginous and somewhat mag¬ 
nesian limestones are by no moans uncommon. They are, however, lenticular or non- 
persistent, and are of a very compact texture and usually nonfossiliforous. There are 
also in some {daces thin but persistent bods of a peculiar, very hard, fine-grained, lighfr 
colored sandstone intercalated with the shales. In the southern portion of the Coast 
Ranges the bituminous shales accumulated to a thickness of several thousand feet, but 
in the middle Coast Ranges, in the vicinity of the Bay of San Francisco, the Miocene sea 
was characterized by an oscillatory or to-and-fro migration of its eastern shore line, due 
to alternate uplift and subsidence of the coast, quite analogous to that described for 
the Franciscan period. This gave rise to an alternation of shallow water in which sand¬ 
stones were deposited, and deep water in which siliceous ooze accumulated with but 
little admixture of terrigenous material. We have thus in the territory between Mount 
Diablo and the Bay of San Francisco an alternation of four formations of bituminous 

1 Arnold, U S G B Frafearional Fapar No 47, p 10. 
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shale with five formations of sandstone, the latter being at the bottom and top of the 
Benes. The series is known as the Monterey seiies, and its various members have dis¬ 
tinctive formations! names While the oscillation of the coast so dearly recorded in the 
strata near the Bay of San Francisco is not apparent in the southern Coast Ranges, it is 
by no means certain that they were not affected in a similar way The vertical move¬ 
ment involved was not great, and such a movement might have extended over the deeper 
portions of the area of deposition in Monterey time without effecting a sufficient chango 
in the depth of the water to alter the chaiacter of the sediments The Monterey sea 
apparently did not, even at the time of its maximum transgiession, extend far ovci 
the legion of the northern Coast Ranges, and a line drawn from Tehacho.pi to Cape 
Mendocino would piobably represent the general position of the shore at the close of 
Monterey time 

At the dose of the Miocene, the Coast Range region was disturbed by orogemc move¬ 
ments and uplifted into the zone of erosion. It was then deprest irregularly so as to 
give rise to local basins of sedimentation in which accumulated great thicknesses of Plio¬ 
cene beds, particularly about the Bay of San Francisco and southward. The oldest of 
these Pliocene formations is the San Pablo, which lies unconfermably upon the Monterey 
strata. This is essentially a sandstone foimation with a thickness of from 1 , 000 -to 2,000 
feet. It occurs on both sides of the Coast Ranges from the vicinity of the Bay of San 
Francisco southward and appears to have been laid down in two basins, separated by a 
barrier corresponding to the general axis of the present Coast Ranges. The formation 
on the east sffie of the range is characterized by a notable admixture of dark andesitic 
ash, which gives the unweathered exposures of the sandstones a distinctly blue color 
This formation has a fauna of over 100 species, of which more than 40 percent are living 
forms This fact, and the unconformable superposition ef the formation upon the 
Monterey, are warrant for placing it in the Pliocene. On the west side of the Coast 
Ranges, the San Pablo is best known in San Luis Obispo and Santa Barbara Counties, 
and is there free from volcanic- admixtures,, the the basal beds ace very commonly charao- 
torized by the presence of asphaltum, which cements this sand together and constitutes 
the well-known bituminous rock of the region. This asphaltum appears to have originated 
in part as a seepage from the upturned bituminous shale of the Monterey along the Bhores 
of the San Pablo sea, and molluscan remains of San Pablo age are often embedded m it. 

Succeeding the San Pablo, but nowhere, so far as the writer is aware, reposing directly 
upon it, is the Merced series. The sediments composing this series were land down in 
rather acute geosyndinal troughs, resulting from orogemc deformation of the coast in 
middle Pliocene time. Three of these troughs are known. The most northerly is that 
now occupied by the Valley of the lower Eel River m Humboldt County 7 the socond is 
largely occupied by the Santa Rosa Valley in Sonoma County r the third is on the Penin¬ 
sula of San Francisco, extending thence south to the coast of Santa Ghir County. The 
Merced strata in the Valley of the lower Eel River, and the typieal Merced section near 
San Francisco, show each a thickness of something over a mile. In Sonoma-County the 
marine Merced beds grade eastward into fluviatile conglomerates, admixed with volcanic 
ashes. The maximum thickness is about 3,500 feet. The lower part of the series is here 
characterized by a considerable volume of white volcanic pumiceous tuffs, which thin- 
out rapidly to the westward. These weie in part laid down directly on a land surface, 
burying forests of huge sequoia, whole trees being now completely silicified 1 Oh the 
coast of Santa Cruz County, the series is represented by strata of lower stratigraphic 
horizons than nearer San Francisco, these lower beds having been called the-Punssima- 
formation, altho the sedimentation was continuous with that of tbs Merced The 

a 

1 Fot a description of the Merced beds of Sonoma County and the underlying pumiceous tuff, a paper 
by V C Osmont, Bull Dept Geol, Uiuv Cal, vol 4, No 3, should be consulted. 
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lower horizon of the beds on the Santa Cruz Coast! as compared with the beds nearer 
San Francisco, indicates a transgression of the Merced sea from the south. The upper 
portion of the Merced section contains so large a proportion of molluscon remains of exist¬ 
ing species that it has been regarded by Arnold as Ploistoceno rather than Pliocene. 

The accumulation of the Mcrcod senes to the great thickness above indicated in 
middle and northern California proves local depressions of the coast of over a mile below 
sea level in later Pliocene tune. Similar orogenic deformation was in progress at the 
same tune on the eastern side of the barrier corresponding to the then axis of the Coast 
Ranges These movements gave rise to gieat troughs from which the sea was excluded, 
but which were occupied by fresh water, and filled with sediments equal in volume to 
those of the marine troughs to the west of the banier The greater part of these fresh¬ 
water beds are comprized in tho Onndan formation, which may be the equivalent of the 
Cache Lake beds of the Clear Lake district 1 and of the Paso Robles in the southern Coast 
Ranges. They have an extensive distribution on the eastern side of the Coast Ranges, 
and in the vicinity of the Bay of San Francisco there intervenes betwoen the base of the 
Onndan and the San Pablo a formation of white pumiceous tuff entirely similar to 
that at the base of the Merced series in Sonoma County, but containing here fresh-water 
fossils This tuff attains a maximum thickness of about 1,000 feet and is known as the 
Pinole tuff Thruout the Orindan theie are occasional intercalated strata of volcanic 
tuff of moderate thickness. The Orindan lacustrine period was brought to a close in 
the region of the middle Coast Ranges by volcanic eruptions which resulted in extensive 
flows of lava and showers of ashes. Upon these lavas lake basins were later established 
and some hundreds of foot of fresh-water deposits (Sicstan formation) accumulated 
in them, which wore in turn buried by other lavas. 

The accumulation of the Merced marine beds and the corresponding lacustrine and 
volcanic rocks was brought to a closo by an aculo and widespread deformation regarded 
as part of the general mountain-making movements which ushered in tho Pleistocene in 
western North America As a result of these movements, tho Mercod and Orindan basins 
were folded and faulted, and the basement upon which their contained strata had been 
laid down was lifted in part from a position over a mile below sosrlevcl to one far abovo 
Bca-lcvcl The Pliocene formations were In ought within the zono of active erosion and 
tho evolution of the present goomorphic features of tho Coast Ranges was inaugurated. 
When the (logiadation of the foldod Onndan strata was well advanced, a lake basin was 
established across tho edges of those strata anil in it accumulated tho various fresh¬ 
water bods and volcanic lavas and tuffs comprizing tho Campan senes. At a time within 
the Pleistocene when the goomorphic evolution of the coast had boon well advanced to 
its present condition, the coastal belt was deprest 1,000 to 2,000 feet lower than it is at 
present, and then uplifted in stages marked by marine terraces along many parts of the 
coast Since this thero have been oscillations of tho region about the Bay of San Fran¬ 
cisco, the net result of which has boon a depression allowing the sea to invade the valley- 
lands and thus make the magnificent harbor to which San Francisco owes its existence. 

In the foregoing sketch of the formations of the Coast Ranges and their historical 
significance, it is desired to emphasise particularly tho remarkable series of subsidences 
and uplifts which have affectod the coastal region from the beginning of the Franciscan 
to the present. This record of oscillation is in marked contrast to the comparative sta¬ 
bility of the Siena Nevada. Except for a marginal strip of its foot-hill slopes, the 
region of the present Siena Nevada has not been submerged" beneath the sea. During 
the geological ages in which the Coast Range region has been repeatedly deprest to 
receive marine sediments, the sum of the maximal sections of which amounts to 65,000 
feet of strata, the western edge of the Siena Nevada region has probably never been 


1 Desonbed by G F Booker, U 8 G S. Monograph xxn, pp 210-221, 288-242. 
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deprest over 1,000 feet. The geological record for the latter region is in terms of degrada¬ 
tion rather than of deposition; and such deposits as have here accumulated are iefciablo 
wholly to fluviatile, lacustral, and volcanic agencies. It is thus apparent that from 
the point of view of the stability of tho earth’s crust, the Coast Range region has been 
very much more mobile than the Sierra Nevada The long comparative stability of the 
latter was, it is true, interrupted at the dose of the Tertiary by a very notable uplift, 
whereby it took the form of a tilted orographic block of great size and remarkable unity; 
but this does not detract from the force of the contrast. The difference in behavior 
with respect to crustal stability makes the Coast Ranges a totally distinct and different 
geological province from the Sierra Nevada 

Between these two strongly contrasted provinces lies the great valley of California, 
one of the very notable geomorphic featuies of the continent. This valley is but one of 
a long series of similar depressions which lie along the western border of the North Ameri¬ 
can continent, between the coastal uplands and the western edge of the continental 
plateau In die north it has its probable analogues in Hecate Strait, the Gulf of Georgia, 
Puget Sound, the Willamette Valley, the Ashland Valley, and the depression between tho 
Sierra Nevada and the Klamath Mountains. On the south we see its analogues in the 
Colorado Desert, the Gulf of California, and in the valley which lies between this southern 
border of the central plateau of Mexico and the Sierra Madre del Sur. In the Californian 
region we must interpret the axial line of this depression as a tectonic hinge, upon which 
the mobile coastal region has swung in a vertical sense upon the edge of the interior 
plateau, here represented by the Sierra Nevada Whether this tectonic hinge is a moro 
or less flexible zone upon which movement has taken place without rupture, or whether 
it represents a zone of dislocation, is not clear; but that differential movement has 
taken place along the valley line is one of the salient facts in the geological history of 
California. 

STRUCTURE. 

A detailed account of the structure of tho Coast System would involve a discrimination 
between features referable to the different erogenic movements which have affectod 
the region at various periods of its history. Owing to this succession of movements, 
new structures have been superimposed upon older structures, or upon remnants of 
older structures, so often that the resultant effect is extremely complicated and not only 
difficult to unravel but difficult to state or describe in any simple way In this sum¬ 
mary review of the subject, no such detailed discrimination will be attempted The 
only effort will be to call attention to the salient features, which are for tho most part 
referable to the orogenic movements of later Tertiary and post-Tertiary time 

Marginal Features. — In a consideration of the structural features of the Coast System, 
its marginal lines on the east and west firet claim attention The eastern slope of tho 
Coast Ranges rises from the floor of the Great Valley much more abruptly in general 
than does the western slope of the Siena Nevada from the same valley floor. Turner 1 
has suggested that the Great Valley east of the Coast Ranges is determined by a fault 
There is some warrant for this view and it is certainly true in part. The very precipi¬ 
tous mountain front which rises from the valley at its southern end is without doubt a 
degraded fault-scarp, tho whether or not this fault or a senes of similar faults can be 
followed along the edge of the mountains to their northern end is questionable. It is, 
however, safe to say that the eastern margin of the Coast Ranges represents a line of acute 
deformation, with the probability of that deformation having taken the form of faults in 
certain places No one has yet made a sufficiently careful study of the question to 
a more precise statement possible. In general, this line of acute deformation is not 

‘Am Geologist,vol xni,p.248. 
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straight, but is curved, with the concavity toward the northeast. Between the southern 
end of the valley and the vicinity of Coalinga its course is about N. 35° W. From 
Coalinga, where there is an offset or jog in the general trend north to Tracy, the course 
is about N 30° W From Tracy to Suisun there is a marked westerly embaymont in 
the Coast Ranges which u probably due, in past at least, to the depression of the rogion 
about tlic Bay of Son Francisco From Suisun northward to the vicinity of Rod Bluff 
the general course of the margin of the Coast Ranges is north and south. At Tejon 
Pass the eastern margin of the Coast System rccoivcs the abutment of the southern 
end of tho Sierra Nevada; thence southward, with a course swinging more easterly, it 
determines tho southwest limit of tho Mojave Desert. 

On the seaward side tho Coast System u usually regarded as being limited by tho dune 
line. The precipitous coast rising to elevations of from 2,000 to 5,000 feet, extending 
from Capo Mendocino to Pomt Conception, and the popular notion that mountain ranges 
are confined to the land areas of the earth, are justification for this view. But in a more 
comprehensive view, embracing all inequalities of the earth’s surface both above and 
below the sco-lovel, the western margin of the mountainous area, tho familiar portions 
of which we call the Coast System, will have to bo placed farther seawoid Off the coast 
of California tho soorbottom slopes down to the 3,000-foot submarine contour at a mod¬ 
erate angle and then plunges steeply to depths of over 12,000 feet. Beyond tlic foot 
of this steep slope tho soarbottom has very flat gradients and the 15,000-foot contour is 
far out to sea. From Hie Oregon line to Pomt Conception the 3,000-foot submarine con¬ 
tour, or the brink of the steep slope, lies off shore at a distance of from 15 to 35 miles; 
but at Capo Mendocino and at the Bay of Monterey this line is found much closer in. 
South of Point Conception this steep slope has the same general trend as to the north. 
That is to say, it allows no embaymont in its course corresponding to that at tlic Santa 
Barbara channel and southward. This is particularly true of the course of tho 6,000, 
9,000, and 12,000-foot contours The slopo is by no moans uniform for its entire length. 
From Point Arena to the latitude of the Golden Gate tho grade is notably steep from 
tho 3,000 foot to tho 9,000-foot contour. This is also true off Point Conception. From 
tho latter point southeastward the steep portion of the slope is fiom tlio 6,000-foot 
to the 12,000-foot contour; and the same statement holds for tlic slopo off San Simeon 
Bay. In general, the steepest profile lies between the 0,000 and the 9,000-foot line 

This steep drop from the suboontincntal platform to the broad floor of the Pacific 
must be regarded as the goomorphic expression of a rather acute deformation of the 
earth’s crust, and those portions of tho slope where the contours ore crowded togethei, 
as for example between Pomt Arena and tho latitude of tho Golden Gato, oil San Simeon 
Bay, off Point Conception, and off the platform of the Channel Islands, can scarcely bo 
interpreted os other than fault-scarps The slopes at tho localities mentioned are quite 
comparable to tho great fault-scarp which forms the castom fiont of the Sierra Nevada. 
At the base of the slope off the Channel Island platfoim, the recent dredging operations 
of the Albatross brought up from a depth of 12,000 feet numerous fragments of rode 
similar to the bituminous shale of the Monterey series of the southern Coast Range 
With this rock was found much asphaltum. This indicates that at the base of the dope 
there are talus accumulations of so recent a date that they have not yet been buried by 
oceanic sediments. 

This line of acute deformation of the crust off the entire length of the coast of Cali¬ 
fornia can not be ignored in any consideration of the orographic features of the region. 
The elope referred to is doubtless devoid of these sculptural features characteristic of 
mountains within the zone of erosion, and which we are too apt to look upon as essential, 
but it constitutes nevertheless a notable mountain front rising from the floor of the 
Pacific. It is the natural western boundary of the mountainous tract which we call the 
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Coast System. The course of this mountain front participates in the curvature, with 
convexity to the Pacific, observable in the land portion of the Coast Ranges, in the Great 
Valley of California, and m the Sierra Nevada. This convexity toward the Pacific is, 
it may be observed m passing, characteristic of the dominant tectonic lines about the 
border of that great ocean. It is very marked in the Aleutian belt, in Kuriles, in the 
Japanese Isles, m the festoon extending from Formosa thru the Philippines, the Moluccas, 
and Java to Sumatra, which is convex to both the Pacific and the Indian Oceans, and 
in the chain including the Salomon Islands, the New Hebrides, and New Zealand. It 
is also apparent in the trend of the Siena Madre Occidental and Sieira Madre del Sur of 
Mexico, and in the course of the Andes thru Colombia, Ecuador, and Peru. 

Having indicated the east and west boundaries of the Coast System as their dominant 
structural lines, we may now consider those features which pertain to the internal struc¬ 
ture of the mountain tract. Here we must first take note of the coast line. The coastal 
dope of California characteristically rises abruptly from sea level to elevations of from 
2,000 to 5,000 feet within a short distance from shore, from Cape Mendocino to Point 
Conception, with certain notable breaks in its continuity which are susceptible of special 
explanation. If along the shore line at the base of this abrupt slope we draw straight 
lines which are tangent to the headlands or chords to the minor embayments of the 
coast, these lines fall into two fairly constant orientations and clearly bring out the 
fact that the shore line has in reality a zigzag course, due apparently to the alternate 
control of two systems of structural lines, one of which is between N. 37° W. and N. 40° 
W., and the other between N. 10° W. and N. 15° W., thus intersecting at an angle of 
about 26°. Under this scheme of discrimination of the orientation of different portions 
of the coast line, the bearings of the following divisions may he thus listed: 


LOOAxmaa 


Gape Mendocino to Punta Garda . . 
Punta Garda to Shelter Gove 
Shelter Gave to Paint Arena 
Aunt Arena to Golden Gate, thiu Tonialea 
Bay ... 

Golden Gate to Pigeon Point 
Pigeon Point toward Santa Gnu 
Point Fmoe to Faint Sui 
Paint Sur to Part Hertford 
Port Hartford to Point Conception 


BKARINQ OP 

DIBTANOB nr OXO- 

mhan inn 

GRAPHIOA.il inUB 

N 12“ W 

14 

N 40" W 

25 

N 10" W 

84 

N 40" W 

90 

N 15° W 

40 

N 40" W 

31 

N 18° W 

10 

N 87° W 

80 

N fl°W 

44 


Now it is difficult to regard any considerable poition of the .abrupt coastal slope of 
California between Cape Mendocino and Point Conception as other than a more or less 
degraded fault-scarp. If this view he accepted, it is clear that the trend of the coast and 
its geomorphic profile have been determined by two systems of faults meeting or inter¬ 
secting at an angle of about 26° on their strike Making some allowance for cliff reces¬ 
sion, the base of both systems of scarps must lie some little distance off shore and be 
buried by the notable embankment of littoral sediments which conceals the true profile 
of the submarine rock surface. 

Of the two systems of faults thus recognized as controlling the trend of the coast, one, 
vis. that which bears N. 37° W. to N. 40“ W, conforms, as will be shown later, more or 
less closely with the prevailing structural lines, such as faults, folds, and belts of igneous 
rode found in the Coast Ranges; while the more meridional system is not a prominent 
feature of the Coast Ranges It follows that since the mean trend of the California coast 
lies between the bearings of the two fault systems, the tectonic lines of the Coast System, 
if followed northwesterly, eventually emerge upon the coast. This obliquity of the 
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tectonic lines of the Coast System to the general trend of the coast has long boon familiar 
to California geologists and has been paaticularly noted by Fairbanks, 1 but the probable 
explanation of it has not heretofore been set forth. 

The coastal scarp is interrupted at a number of points and in a variety of ways The 
most notable «id interesting interruption is that of the Bay of Monterey This is not 
only an embayment of the coast, but is a depression in the Coast Ranges extending down 
over their submarine portion to the 12,000-foot contour below scarlevcL It brings the 
3,000-foct submarine contour well inside the general line of the coast. This submarine 
valley has been lcgarded by some writers as a submcigcd valley of subacnal erosion, 
but thmo is little warrant for this view and much that conflicts with it The valley of 
the Bay of Monterey, subaorial and submarine, is a synclinal trough the axis of which 
is approximately normal to the trend of the coast and of the Coast Ranges as a belt. 
In tlie axis of the syncline, and probably parallel to it, is a fault seen in the canyon 
between Fajaro and Chittenden, which brings down the Tertiary rocks on the noith side 
against the pre-Cretaceous giamtio rocks of the Qavilan Range Another interruption 
of the continuity of the coastal scarp is at the Golden Gate Here the Coast Ranges have 
been locally deprest and the land valleys which were formerly drained by a trunk stream, 
where the Golden Gato now is, have been floodod by the watcia of the ocean. The axis 
of this depression is, however, not well known. A third, apparent rather than real, 
interruption of the coastal scarp occuir at the place where the Point Reyes Peninsula 
projects out beyond the general line of the coast Inside of the peninsula, however, there 
is a long narrow valley, the northern ond of which ir occupied by Tomalea Bay and the 
southern end by Bolinas Lagoon, which separates it from the mainland proper; and to 
the east of this valley the coastal scarp rises with exceptional boldness. 

The coastal scarp has had its profile modified in many places by wave-cut terraces 
formed during the uplift of the coast by stages in Pleistocene time, as picviously stated. 
The relation of the coastal scarp to deformed basins of Merced Gate Pliocene) strata 
inHimte that it originated, in its ossontial features, at the period of orogemc activity 
which brought the Tertiary to a close. South of Point Conception the twofold system of 
faults which determines the configuration of the coast gives out and we enter upon a 
region of probably more complicated structure The Santa Barbara channel appears to 
lie in a geosynclinal trough between the Santa Ynes range and the island chain from Anar 
un pft to San Mi gnnl. On the northeast aide of San Clemente is a sharply defined fault- 
scarp, indicating that, the wi«nd is a portion of an uplifted and tilted orographic block. 
The fault Along which the scarp him been formed probably extends as far as the east 
aide of Santa Barbara Island. San Clemente Talond presents a magnificent aeries of 
wave-cut terraces up to an elevation of 1,500 feet. San Pedro Head is similarly uplifted 
«n«l terraced, while the intervening island, Santa Catalina, shows no evidence of corre¬ 
sponding uplift, but haa on the contrary been deprest On the whole, the e h a nnel 
inland platform between the edge of the suboontinental shelf and the coast presents the 
characters of a sunken mountainous tract, the inequalities of the surface of which are 
partly due to acute deformation mid partly to eroaional sculpture when the region was 
above sear-level A more detailed interpretation of the structure of this region is ren¬ 
dered difficult by the absence of adequate soundings of the searbottom. 

Granitic Rocks.—Coming now to the consideration of the more important structural 
features of the Coast System, in the territory between the coast and its eastern mar- 
gm, it must be stated that even hero our information is very scant. One of the most 
impnrfjmt. features of the Coast System from a structural point of view is the occurrence 
of a belt of granitic rook having a very notable linear extent thruout the ranges. This 
granite, as has been already stated, appears, in the vicinity of Tejon Pass, both from 

1 Am Geologist, VoL xx, Feb 1898, p. 70. 



16 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION 


its character and from the continuity of its exposure, to be identical with the granite 
of the Sierra Nevada. To the south of the Mojave Desert, it is very extensively and 
boldly exposed in the San Gabriel and San. Bernardino Ranges and m other portions 
of the Coast System, as far south as the Mexican boundary It also has broad expo¬ 
sures in the comparatively low-lying desert floors of Southern California, as shown by 
Hershey, 1 and in the Perris plain. 

To the northwest of Tejon Pass, this granite appears m a series of linearly disposed 
areas extending thru the ranges. It forms a notable feature of the Santa Lucia Range 
on the west of the Salinas Valley, and also of the Gavilan Range to the east of the same 
valley The granite of the Santa Lucia Range runs out to sea at Point Pmos near 
Monterey, while that of the Gavilan Range extends into Santa Cruz County and appeals 
on the coast at Pomt San Pedro, a few miles south of Son Francisco Farther north it 
is seen m the Farallon Islands, the Point Reyes Peninsula, and on Bodega Head The 
Santa Lucia and the Gavilan thus expose two quite distinct lines of granitic outciop, 
practically parallel, and both crossing the general trend of the Coast Ranges obliquely 
and reaching the coast. Indeed, the easterly limit of all the granite of the Coast Ranges 
crosses the entiie breadth of the latter obliquely between the Tejon Pass and Bodega 
Head This signifies, of course, that whatever manifestations of crustal deformation 
elevated these belts of granite, the lines or axes of such deformation were not coincident 
in direction with the mean tiend of the Coast Ranges, or with the mean trend of either 
of the margins of the Coast Ranges. It is noteworthy, too, that all of the Coast Range- 
granite as far south as the vicinity of Tejon Pass lies to the southwest of the Rift along 
which the movement occurred which generated the earthquake of April 18,1000. 
It is further noteworthy that near the northern end of the granite belt at Tomales Bay 
and Bodega Head, the Rift actually follows the line of contact between the granite on 
the west and the sodimontory iockB which are faulted against it These facts suggest 
that very probably the Rift is similarly situated m the more southern Coast Ranges 
with reference to a deeper-seated contact between granite and sedimentories; in other 
words, that the eastern edge of the Coast Range batholith, whether that edge be an 
anginal feature of the batholith or a feature determined by faulting, is with some degree 
of probability the lino which determines in part the course of the modem Rift. South¬ 
ward from the vicinity of Tejon Pass, however, the Rift passes into the granitic tenanc 

Folds .—The pi e-Knoxville folds of the Coast Ranges are little known, owing partly 
to the burial of the Franciscan rocks by later deposits, and partly to the complexity of 
the structures where the rockB are exposed and the difficulty of discriminating the effects 
of the earlier and the later movements; but chiefly owing to the absence of adequate 
topographic maps, so necessary for such studies. The conspicuous folds of the Coast 
Ranges are those which have been imprest upon the Tertiary and older strata together. 
These are usually rather sharp and more or less symmetrical synclines and anticlines, 
involving usually many thousands of feet of strata. In some cases these are asymmetric 
and even overturned, as in the Mount Diablo region, but they are never so closely apprest 
as to induce general and important deformation of the internal structure of the rocks 
affected. The folding has been effected without flowage, except perhaps locally where 
soft clays or shales were involved, and there has been no development of slaty cleavage 
or sohistosity. In general the axes of the folds have a noi thwest-southeast trend, but 
there are numerous deviations from this rule and the axes of the minor folds are usually 
more or less divergent, as is of course generally true. There is, however, a pronounced 
parallelism in the dominant synchnes and anticlines, the axes of which extend for many 
miles. Several of these are more or less oblique to the mean trend of the Coast Range 
belt, and thus appear to be truncated on the coast line, or on the eastern margin of 


1 Bull Dept Goal Uxuv. Cal, vol 8, No 1 
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the ranges. The coincidence of many of the larger valleys with a synclinal axis is very 
marked. 

Fmdte — In the Coast Ranges there are numerous faults, but our knowledge of them 
is limited, owing to the small amount of geological mapping which has been done in the 
region. With the extension of cartogiaphic walk, many more than are now known will 
doubtless come to light. Of those at present known, the great majority have a genmal 
northwest-southeast strike, but there are several minor faults which trend transverse 
to the general strike. The faults of the Coast Ranges, as well as these of other parts of 
California, are indicated, as to position and extent, on Map No. 1. A summary reference 
to them is all that will be hero attempted. 

The most noitberly fault of the Coast Ranges is one which Mr. 0 H. Hcrahoy nnlla 
Redwood Mountain fault It is an overthrust, according to Mr. Hershey, hnnding to 
the northeast and having a throw of probably over 5,000 feet It trends southeast 
along the southwest flank of South Fork Mountain for Bcarcs of miles, and doubtless 
determines the very straight trend of this great ridge. Parallel to it, on the southwest 
side of Redwood Creek, near Acorn, there is another fault having a thiow of at least 
1,000 feet, according to Mr Hcrshoy. Its extent is unknown. The precipitous south¬ 
west front of Mount St. Helena has been shown by Osmont 1 to be a degraded fault- 
scarp, and the downthrow on the southwest side of the fault is estimated by him to be 
not loss than 2,500 feet The western edgo of the Sacramento Valley, from Benicia to 
Cordelia, is probably determined by a fault with an easterly downthrow. 

In the Mount Diablo region, there is a pronounced overthrust fold which causes Mio¬ 
cene strata to rest upon Pliocene strata with a dip of 30° to 45° to the northeast. Louder- 
back’s work on the structure of Mount Diablo has shown that this ovor-tipt fold passes 
into a thrust fault whereby a considerable propoition of the mountain has been shoved 
to the southwest. 1 The west side of San Ramon and Livermore Valleys is bounded for 
the most part by a steep mountain wall at the baso of which, near Pleasanton, the Ter¬ 
tiary rooks are faulted down against the Fianciscan. This fault extends southward 
thru Calaveras Valley and past Mount Hamilton. Its general course is about N. 35° W. 
It has an extent of at least GO miles and may be very much longer. In the Berkeley 
Hills to the east of this there are many minor faults, both overthrust and normal, which 
will not be described in detail. In the Mount Hamilton Range, between the crest and 
the Santa Clara Valley, there arc scvoial faults, notably the Mission Greek, Mission 
Peak, Mount Hamilton, and Master’s Hill faults, which have a more or less regular 
northwest-southeast trend; and thcie are several shorter faults transverse to these, and 
of variable strike. 

The valley of the Bay of Son Francisco and its prolongation southward in the Santa 
Clara Valley is bounded on the northeast side by a range of hills which presents a very 
even, straight, and on the whole, but little dissected, front to the southwest. This even 
front extends from near Point Pinole, on San Pablo Bay, to the vicinity of Hollister, a 
distance of about 100 miles, forming a very striking geomorphic feature of the Coast 
Ranges. At Berkeley and Oakland, and southeast of the latter, there is evidence that 
this even front represents a somewhat degraded fault-scarp, or series of scarps, and this 
interpretation may with very probable truth be placed upon it for its entire extent. 
Near Berkeley the slope of this degraded scarp is traversed by supplementary step faults, 
which are not improbably characteristic of it in other {daces; so that in regarding the 
feature as a fault-scarp it is not intended to apply that term too narrowly, but to include 
rather the idea of a sone of acute deformation traversed by step faults. This line has a 
course of about N. 35° W. North of San Pablo Bay, on the geographic prolongation of 
the line, a similar feature, tho by no means so straight, is found on the east side of the 

1 Bull Dept Geol, Umv. Cal, vol 4, No. 8, p 78 


1 Bonilla not yet published. 
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Santa Rosa and Russian River Valleys up to about Cloverdale Here, however, evidence 
of faulting is lacking, altho it is known in places to be a line of flexuie. Along the baso 
of this line of scarp, between Oakland and San Jose, occurred the fault which caused the 
earthquake of 1868. It may be referred to as the Haywards fault, from the fact that it 
passes thru that town. 

An interesting and important fault traverses the peninsula of San Francisco, a little 
south of the city. The course of this fault can not be precisely determined, as its trace 
at the surface is obscured by Pleistocene and recent deposits. Its approximate position 
is at the southwest base of San Bruno Mountain, with a strike of about N 43° W. By 
this fault the Meiced strata, which are well exposed on the sea-cliffs south of T*kn Merced 
to the thickness of over a mile, are dropt down against the Franciscan rocks, the throw 
being estimated at not less than 7,000 feet. To the northeast of the mam fault, and 
dose to the face of the mountain, is an auxiliary fault, and between these two faults 
there is a block of the Franciscan which has dropt only to a limited extent, and which 
is of the same character as the kernbuta of the Kern River 1 The bold and precipitous 
southwest face of San Bruno Mountain is thus a fault-scarp with two facets, one for the 
main fault and the other far the auxiliary, both being well exprest in the gcomorphio 
profile of the mountain. This fault-scarp appears to be the southern prolongation of the 
scarp which forms the coastal steep slope to the north of the Golden Gate, and seems 
to converge upon the San Andreas fault, off the Golden Gate, making a very acute angle 
with it. It affords an excellent illustration of the general fact above alluded to, that 
the northwesterly membeis of the fault system controlling the configuration of the 
coast are prolongations of fault-lines within the Coast Ranges. Knowledge of the 
extent of this fault, altho its throw is so notable, is limited to the peninsula of San 
Francisco. 

Outside of Fort Point, at the Golden Gate, ami a little south of the point, is a very 
well exposed fault which appears to strike southeast across the city of San Francisco. 
The fault is nearly vertical and has a throw of at least some hundreds of feet, whereby 
the serpentine on the north has beer dropt against a formation of radidarian cherts. 

The most interesting fault traversing the Peninsula of San Fiancisco is the San AtiHtmui 
fault, on which movement was lencwed on April 18,1006, causing the earthquake. The 
extent and course of this fault are described in detail elsewhere To the southwest of 
the San Andreas fault, on the Peninsula of San Francisco, and in the Santa Gnu Moun¬ 
tains, are several other faults of notable extant Of these may be mentioned the Fifield, 
Pilarcitos, Castle Ridge, Butano, Boulder Creek, and San Gregorio faults, all of which 
are important features of the structure of the region. 

On the Bouthwest side of Montara Mountain is a very precipitous seaward slope, at 
the base of which strata of Miocene age are tdted at rather abrupt angl** against the 
granite. The strata of arkose sandstone at the base still rest against the original floor 
of deposition, but it is difficult to see how such an acute uplift could pln/w in a 
granite massif without deformation of the granite. Such deformation might the 
form of plastic flow if it were sufficiently deep-seated, or it might find its pi pr o nninn in 
a aone of faults; and as there is no evidence of plastic deformation, it is that 

the uplift of Montara Mountain was effected by faulting within the granite, the 
deformation appearing as flexure in the stratified rooks which fl«nlr the wnuwifauw on 
tTih qjde. 

Northeast of the Son Andreas fault are the Belmont and Black Mountain faults, the 
latter a branch from the San Andreas fault. In the gap between the Santa Crus and 
Gavilan Ranges is a fault followed by the canyon of Pajaro River near ChitfanHiwn, which 
drops the Tertiary formations on the north againBt the pre-Franciscan granitic rooks of 

1 Bull Dept Geot, Unly Cel, vol 8, No. 15. 
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the Gavilan Range on the south. This fault is interesting for several reasons, it lies 
approximately m the axis of the geosynclme of the Bay of Monterey, it is transverse 
to the Son Andreas Rift and intersects it; and it is near the place where the surface rup- 
tuie of the San Andreas fault ceased on Apnl 18,100(3 

South of the Bay of Monterey, one of the dominant structural lines of the Coast Ranges 
is the Santa Lucia fault, at the base of the Santa Lucia Range on the bolder of Salinas 
Volley. It is traceable from the vicinity of Bradley to the Bay of Monterey and it is 
probably the chief factor in determining the com so of the Sslmas-Vallcy awl the steep 
easterly front of the Santa Lucia Range. Near its southern end, the Santa Lucia fault 
is paralleled on the southwest by another fault which probably determined to some 
extent the course of the valley of San Antonio River. Eorther south a fault parallels 
the last two, between Dove and Tompleton, and to the southwest of this lies the much 
longer fault which passes close to San Luis Obispo, extending from near San Simoon to 
the drainage of the Santa Ynes 

The northeastern flank of the San Einidio Range, at the southern end of the great 
valley, is with little question a fault-scarp The same may be said of the north flank 
of the Santa Ynes Range and the south flank of tho Santa Monica Range. The San 
Gabriel fault, which bounds the range of that name on the south, branches from the San 
Andreas fault near San Bernardino and follows the base of the range with an cast-west 
trend Beyond Pasadena it bends slightly to tho north ami extends thru to the coast 
in tho vicinity of Carpentaria. Near Pasadena a blanch fault leaves it, with a u >rlh- 
wcsteily strike, on the northeast side of the Veidugo Mountains Southeast of Los 
Angeles, the most notable faults arc the San Jacinto and Elsinore faults, both of which 
have very pronounced scarps There are, liowover, several others All tho faults in 
this region have a northwest-southeast strike, and are thus in contrast to the system of 
faults extending from Point Conception to tlio Colorado Desert along the Sierra Madre, 
in which tho dominant trend is cast and west. 

Tho foregoing summary enumeration of the more important faults at present known 
in the Coast System of moiuitoins mokes it clear that the San Awlrens fault, upon wEioh 
movement took place on April 18,1900, is not a singular or unique foatme of tlie struo- 
tuic of these mountains. It is only one of many faults, on all of which in time past 
there have occurred many differential movements, each productive of an earthquake 
Map No. 1, upon which the above faults aic represented, indicates other faults in Cali¬ 
fornia, Nevada and Oregon at present known to geologists. 1 Perhaps tho most 
interesting of these, from the present point of view, is the fault at the eastern base of 
tho Sierra Nevada, upon a portion of which the movement took place that causod tho 
earthquake of 1872. Tho map may bo regarded as a preliminary attempt to bring 
together, in cartographic form, our knowledge of tho position of faults in this region. 
A full discussion of those features, with references to the literature bearing upon them, 
would be out of place here, altho their occurrence suggests soismic possibilities. 

GEOMOSPH1C FEATURES 

Certain of the geomorphic features of the Coast Ranges, particularly as regards their 
margins, have necessarily been alluded to in the discussion of the structure It is pro¬ 
posed here to describe quite briefly the salient characters of the relief, m their relation 
to the structure. 

The Coast Ranges in general, between the coast and the Great Valley and north of Santa 
Barbara Channel, comprise a series of ridges and intervening valleys of mature aspect 

1 In wnmpiiing the data for the representation of tho faults of California, free uao has been mode of 
infoi motion kindly supplied bv Messrs H W Turner, W Lmilgien, W C Mendonhnll.H W Fairbanks, 
J. S DiUcr, F. 1C Anderson, R Arnold, J. G Brenner, G D. Louderbaok, and 0 H Henhcy 
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The ridges exhibit for the most part a pronounced parallelism in a direction more or less 
oblique to the mean trend of the coast and of the Coast Ranges as a belt The highest 
of these ndges rarely exceed 5,000 feet in altitude and their crests usually range between 
2,000 and 4,000 feet above aearlevcL Rarely the tops of the ridges are moie or less flat, 
presenting the character of a rolling upland, the rule being that the crests are deter¬ 
mined by the intersection of the valley slopes on either side. In the northern Coast 
Ranges, however, it is generally true that the ridge crests over wide areas reach about 
the same altitude and give the observer the impression of a dissected upland of fairly 
umform and gentle slope. The valleys in which the streams flow are usually wide- 
bottomed in the softer formations and narrow in the harder rocks. In such portions 
of the region as have been geologically examined, it appears dear that the courses of 
these sti earns are closely, tho of course not wholly, controlled by the strike of the rocks 
or the strike of faults. The general scheme of drainage is that which might be termed 
subsequent, the streams having adjusted themselves to the structural lines, and having 
been gieatly extended by headwater erosion along those lines at the expense of original 
consequent streams, traversing the legion transversely to the trend of the structure to 
the sea on the one side, and to the Great Valley on the other. This interpretation is 
rendered mare plausible by the fact that, in a genmal way, the broad structure of the 
Coast Ranges appears to be that of a geanticline, with various subordinate folds, the 
dissection of which by erosion reveals the Franciscan rocks in the central portion of the 
ranges, flanked on either side by rocks of latei age. This interpretation appears to be 
quite acceptable for the Eel River and its various brandies, which constitute the chief 
drainage of the northern end of the region. This drainage has all the characters of a 
subsequent system, and is in harmony with the mature aspect of the ridges and volley 
slopes. All the numerous tributaries of the river flow in longitudinal valleys, poiolld 
or subparalld to one another, and connected by short tram vm so streams cutting thru 
the intervening ridges; and the course of the longitudinal valleys is that of tho strike 
of the rocks, being, like the latter, oblique to geneial trend of the Coast Range belt 
Thruout this region, within the hydrographic basin of the Eel River, there are below the 
crests of the ridges numerous instances of high valleys and broad, more or less oIiHcure 
terraces, representing an inheritance from earlier stages of the geomorphic evolution of 
the region, when it stood at lower levels than at present. These have been doscrilx'ri 
in a valuable paper by Diller 1 

Between the headwaters of Ed River and the Bay of San Francisco the interpretation 
of the drainage as subsequent is not so ccitain, altho here the general gcomoiphic profile 
is even more mature than it is on the north, a fact referable to the softer character of 
certain geological formations which prevail Here we have, as before, a system of stream 
valleys, notably Russian River Valley, Sonoma Valley, Napa Valley, and Berrycssa, and 
Clear Lake Valleys, which are dearly evolved by stream erosion under the control of 
structure The transverse connecting link from one longitudinal valley to another, which 
is so characteristic of subsequent drainage, is not apparent on the maps, but its A.Wwnnfl 
may be more apparent than real The lower stretch of Russian River, from Hcalds- 
burg to the Bea, has the appearance of a transverse stream tapping a longitudinal valley 
of very mature character, and may be the remnant of an original consequent stream. 
This view, however, is open to the objection that the lower stretch of Russian River 
near the sea has a more youthful aspect than might reasonably be expected under the 
hypothesis On account of the rather immature character of the transverse outlet of 
Russian River, it has been suggested that it is of later date than Riraain-n River and 
represents a small stream which has cut its way back from the coast and captured the 
waters of the river, which formerly went to the Bay of San Francisco, the capture hftmg 

■ U B O S Bulletin, 1D8 
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facilitated by the defoimation of the region. The offsetting consideration to this objec¬ 
tion, based on the less mature aspect of this pait of the valley! is that it traverses much 
holder rocks than arc found in the wider valley above In a word, the view that the lower 
transverse stretch of Russian River may be the remnant of an original consequent stream, 
from which, by subsequent development, has been evolved the longitudinal Russian River 
Valley, has not yet been satisfactorily negatived 

Somewhat similar features occur on tho cast side of the Const Ranges. Cache Greek 
and Putah Crook, draining longitudinal valleys within the Coast Ranges, both emerge 
upon the Great Valley thru transverse gorges in the Blue Ridge, the most castmly of the 
Coast Ranges. These tiansvcisc gorges can scarcely be icgardcd as other than conse¬ 
quent trunks crossing a haid barrier within which, in softer formations, longitudinal or 
subsequent valleys have been evolved. The appaient absence of the tiansvciso connect¬ 
ing links between Napa, Sonoma, and Petaluma Valleys is explained when it is recalled 
that while the streams draining these valleys flow directly to salt water, they neverthe¬ 
less flow to a drownod valley. The trunk stream trench fiom which Potaluma, Sonoma, 
and Napa Cheeks arc subsequent branches lies below the waters of San Pablo Bay In 
general, Santa Rosa Volley (lower part of Russian River Valley), Petaluma Volley, 
Sonoma Valley, and Napa Valley have bean evolved by erosion along synclinal axes. 
This fact also tends to weaken their interpretation os due to subsequent development by 
headwater erosion; since, if the synclinal folds were exprest as houghs at the surface 
at the time of the folding, then the drainage would have been both consequent and 
parallel to the structure. 

Coming farther south, tho valley of tho Bay of San Francisco and its extension in the 
Santa Clara Valley is a large feature m which deformation and erosion have probably 
played equal idles. Its trend is strictly determined by the Haywards fault lino pre¬ 
viously described. Southward from Hollister, tho valley loses its breadth and passes 
into the much more constricted volley of the San Bonito River, draining the Coast Ranges 
to tho cast of tho Gavilan Rango The Bay itself and its inland extensions afford a 
magnificent illustration of a drowned valley-land duo to subsidence of the valley-bottoms 
below sesrlsveL 

Livermore Valley, a few miles to the east of tho Bay of San Francisco and separated 
from it by the ridge of tho Berkeley Hills, is a very noteworthy feature It is a broadly 
expansive alluviated valley, bounded on the weal by tho dogiadod fault-scarp which 
limits the Berkeley Hills to tho cost, on tho cast by tho slopes of Mount Diablo; and on 
tho south by tho slopes of Mount Hamilton. On the north it is open by way of tho wide 
and low San Ramon Valley to Suisun Bay, and the northern portion of tho valley 
drains this way The greater port of tho waters which come to it from Mount Diablo 
and from Mount Hamilton, however, are carried off by Alameda Crook thiu Niles 
Canyon, a narrow gorge which transects the bold ridge separating it Erom the Bay 
of San Francisco Alamoda Greek has a hydrographic basin of 000 square miles, 
and it is a romsrkablc fact that it finds its outlet acioss tho strike of tho range thru 
a bold ridge, instead of following tho wide open valley leading directly to Suisun Bay 
with no harrier in its path. It is a fair inference that Livermore Valley is structural 
rather than erosional m its origin and that, anterior to tho acute deformation of tho 
region, the drainago was consequent in the path followed by Niles Canyon. The 
deformation involved tho uplift of the Berkeley Hills and tho camplcmontaiy depres¬ 
sion of the Livermore Valley tract, and this deformation proceeded at a rate which wan 
sufficiently slow to permit the stream, by downward coiraaion across the rising mas, 
to maintain its course. Alamoda Creek in Nils Canyon is thus a remnant of the 
consequent drainage of the region and is antecedent to the uplift which gave rise to the 
Berkeley Hills. 
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In the Coast Ranges between the Bay of Monterey and the Santa Barbara Channel, 
the chief valleys are those of Salinas River and its tributary, the San Juan; the Garissa 
Valley, and the valleys of the Cuyama and Santa Ynez Rivers. Of these the Salinas 
Valley is the largest. It is a wide, terraced valley cut by the river out of rather soft 
Tartiary and later deposits, which appear to have been in part let down against the 
older rocks of the Santa Lucia Range by the Santa Lucia fault. In its lower part it 
lies between the Gavilan and Santa Lucia Ranges, and the trend thus established is 
maintained by the main stream as far as San Miguel. Beyond that the same general 
trend is continued up its tributary, the San Juan, and thence thru the Canssa Flams to 
a point close to the southern end of the Great Valley. The eastern side of the uppoi end 
of the valley, particularly the eastern side of the Carissa Plains, follows closely the line 
of the modem earthquake lift to be presently described; and there can be little doubt, 
not only that in so far as the valley is an eroaional feature its erosion has been controlled 
by structuial featmes, but also that deformational pioccsses have had a considerable 
shaie in its evolution The axis of the valley thus indicated is singularly straight and 
has a length of about 175 miles. Its upper part, the Canssa Plains, is an arid plain with¬ 
out drainage and contains a veiy saline lake. This plain is a surface of alluviation The 
lower end of the valley opens widely on the Bay of Monterey and the fine stream terraces 
which flank itB sides afford an excellent record of the recent uplift of the region 

The valley affords another striking illustration of the obliquity of the goomorphic 
as well as the structural features to the general trend of the Coast Range belt, and their 
constant tendency to emerge upon the coast. From the eastern margin of the valley 
at the south end of the Carissa Flams, one can look down upon the Great Valloy, near 
Sunset, a few miles distant; and only a nairow ridge separates the two valleys, altlio 
they differ greatly m altitude. From this point in its course of 175 miles, Rn-limm Val¬ 
ley crosses the entire width of the Const Ranges. South of San Miguel, the Ralinna River 
proper lies in a less open valley with north and south trend as far as Templeton, a dis¬ 
tance of about 15 miles, and then opens out into a wider valley having a northwest- 
southoast trend for about 35 miles to the headwaters of the stream. Several of the miTinr 
tributaries of the Salinas show a marked tendency to the development of subsequent 
valleys On the oast side of the nver, this is particularly marked on San Loronzo Crook 
in Priest Valley, and on Ch alpine Greek in Chalome Valley. These comparatively large 
valleys may be referable in part, however, to deformation, inasmuch as they are 
on the line of the Rift. Their geomorphic history has not yet been studied. On 
the west side of Salinas Valley the two chief tributaries, the San Antonio and tho 
Nacimiento, have developed well-defined subsequent valleys in the heart of the R««ta 
Lucia Range. 

In the valley of the Cuyama or Santa Maria River, the effect of a twofold structural 
conti ol is apparent. The upper reaches of the nver flow thru a broad valley with an 
alluviated bottom on the northeast side of the San Rafael Range. The general trend 
of the river in this part of its course is northwest-southeast, and it is separated from 
the Carissa Plains by a high mountain ridge with a very precipitous southwest front, 
which probably repiesents a fault-scarp Below this expansive high valley, the stream 
enters a rather narrow canyon and shortly after this bends at right «*gip« and flows 
southwest toward the coast, entering eventually on the broad Santa Maria Valley which 
is open to the sea The contrast m the geomorphic character of the upper and lower 
reaches of the river, the greater age of the former, and the sudden nhiwg tt in the course 
of the stream where the two types of geomorphy meet, suggests that the high valley of 
the upper reaches was once connected with the Salinas drainage it has been 

captured from the latter, in comparatively recent time, by a stream cutting back from 
the coast at the northwest end of the San Rafael Range. 
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In the valley of the Santa Ynez, there is a maikcd departure from the northwest- 
southeast trend which characterizes the geomoiphic features of the Coast Ranges m 
general, and a more stiiking instance than any yet cited of the obliquity of those feature* 
to the general trend of the Coast Range belt. The valley bes nearly cast and west and 
its general slope is southward to the base of the precipitous northern face of the Santa 
Ynez Rango This face is, as has been indicated, a fault-scarp, and the course of the 
valley is thus seen to be in intimate relation to this dominant structural feature To 
the west the volley opens widely to the sea, while to the east it loses its individuality in 
the headwater canyons of eastern Santa Barbara County and western Ventura County. 

Between the Santa Ynez Valley and the upper Cuyama is the rugged and deeply dis¬ 
sected country culminating in the San Rafael Mountains on the noithcm side of the tract 
This mountainous belt lias a trend intermediate between the pronounced oast-west trend 
of the Santa Ynez Range and the northivest-southoost trend of the Coast Range ridges 
and valleys to the noith For a poition of its length the belt is bounded on the south 
by the Santa Clara Valley, with a general east and west corn so; but across the head¬ 
waters of Santa Clara River the mountainous tract persists and finds its prolongation, 
with the same general trend, in the San Gabriel Range, and beyond Cajon Pass in tho 
San Bernardino Range, both bold and lofty sierra. It may even be considered as ex¬ 
tending, under the name of the Chocolate Mountains, to tho Colorado River above 
Yuma. From Tcjon Pass southeast to Cajon Pass, tho northern side of this mountain 
tract presents a very abrupt front with a veiy straight course. At the base of the abrupt 
slope lies the San Andreas Rift. To the north of this, and between it and the southeast 
scarp of the southern Sierra Nevada, lies the Mojave Desert. To the south of the south¬ 
east end of the San Bernardino Range and west of the Chocolate Mountains hes the 
Colorado Desert As has been already indicated, the south side of the Son Gabriel 
Rango is determined by a profound fault. Lying thus between two faults, the range is 
a magnificent oxamplc of a hoist which has been thrust up between its bounding faults. 
It is the convergence of these two bounding faults which segregates the San Gabriel 
Rango from the San Bernardino Range in tho vicinity of Cajon Pass. The latter rango 
is similarly bounded on the south by tho same fault as that which dotci mines the south 
front of the San Gabriel Range, but hero it is coincident with tho Rift. Between Los 
Angeles and Ventura lie the short ranges known as the Santa Monica and the Santa 
Susannah Mountains, inclosing San Fernando Valley. The Santa Monica Range is 
probably on tho same line of erogenic uplift which finds its expression farther west in the 
Santa Cruz and Santa Rosa Islands. 

South of tho San Gabriel Range lies tho fruitful valley of southern California, oxtend¬ 
ing with an oast-west course from the sea to San Bernardino South of this valloy, anil 
between the Colorado Desert and a somewhat elevated coastal plain bordering the 
Pacific, is a mountainous tract, the ridges of which swing around into a more northwest- 
southeast trend, and so conform again with the prevailing trend of the ridges and val¬ 
leys of the Coast Ranges north of the San Rafael Mountains. Tho valleys in this region 
are, however, less regular in their orientation than those of the northerly Coast Ranges, 
and the gcomorphio features are less mature, if we except certain very bid features which 
have survived from an earlier cycle of geomorphic evolution The consequent char¬ 
acter of the streams on the seaward dope is much more pronounced than in any part 
of the northern Coast Ranges, and on the whole the geomorphy of the region must 
be regarded as less advanced than to the northward, and more closely allied in its 
morphogeny with the Sierra Nevada than with that of the Coast Ranges of northern 
California. 

The notable ranges of this region are the Santa Ana Mountains and the San Jacinto 
Mountains. The former present the features of a seaward sloping, tilted, orographic 
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block, with a very straight and abrupt fault-scarp facing the northeast and overlooking 
the Ferris Plain. This is an elevated, and as yet little dissected, peneplain with rem¬ 
nants of Tertiary or later deposits resting upon it, indicating that it has, in part at least, 
but recently been resurrected from a buried condition. In San Diego County the Santa 
Ana Mountains find their prolongation in a less regular and broader group of ridges, but 
doubtless the same tilted block structure prevails to the international boundary and 
beyond, since the northeast scarp appears to persist in the some geneial trend, and the 
same type of consequent drainage characterizes the seaward slope Still east of the lino 
of the scarp in southern San Diego County, there is another orographic block, boundod 
on the east by a very recent and very precipitous scarp looking out over the desert 1 
To the northwest the range becomes subdued in the Puente Hills, whcie a broad anti¬ 
clinal structure lcplaces in part the deformation by faulting In two notable instances, 
and perhaps in othen, the Bcaward streams of the Santa Ana Mountains cut entirely thru 
the range and diain the valley-land beyond its northeasterly scarp. These arc the 
Santa Ana and the Santa Margarita Rivers. They are both probably antecedent to 
the more acute phases of the tilting-of the region and have persisted in their course 
during the development of the fault-scarp. 

The San Jacinto Mountains form an important feature of the region as a bold ridge 
with northwest-southeast trend lying between Perris Plain and the northern end of the 
Colorado Desert. Both sides of the lange are precipitous and arc probably determined 
by faults. On the southwest side there were notable ruptures of the ground in the 
earthquake of 1898, indicating that the fault on that side is still m active development. 


1 Verbal communication from Di H W Fau banks 
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GENERAL 

Extending thru the greater port of the Coast System of mountains from Humboldt 
County to the Colorado Desert, a distance of over 600 miles, is a line or narrow zone 
characterized by peculiar gcomorphic features, referable either directly to the modem 
deformation of the surface of the ground or to erosion controlled by the linos upon which 
such deformation has taken place. This peculiar featuic has been known, both to Cali¬ 
fornian geologists and to residents of the sections where its characters arc most promi¬ 
nent, but its extent and importance were not fully appreciated until after the earth¬ 
quake of April 18,1906 It is commonly reported among the residents of the southern 
interior Coast Ranges, particularly in San Bomto, Monterey, and San Luis Obispo 
Counties, that displacement of the ground occurred on this line in the earthquake of 
1857 and in certain later earthquakes. The first reference in scientific literature to this 
feature appears to have boon in the year 1893, in a paper entitled "The Post-Pliocene 
Diastrophism of the Coast of Southern California," by Andrew C. Lawson, which is 
quoted m the sequel. The next reference to this peculiar line is in the eighteenth annual 
report of the U S Geological Survey for 1896-1897, Poit IV, in a paper by Schuyler 
on "Rcscrvoiis fox Irrigation," whore, pp 711-713, the significance of the lino is fully 
recognized in the following words quoted in full: 

Tins reservoir has especial interest, not only os the first one of any magnitude com¬ 
pleted on the Mojave Deceit or Antelope Volley side of the Sierra Modre in southern Cali¬ 
fornia, but because it lies directly in the line of what is known as “the great earthquake 
craok" of this region, which is marked by a series of similar basins behind a distinct ridge 
that appoars to have been the result of the gieat seismic disturbance 

This remarkable lino of fracture can bo traced for nearly 200 miles thru San Bernardino, 
Los Angeles, Rem, and San Luis Obispo Counties, and deviates but slightly here and there 
from a direct course of about N. 60° to 65° W. There appeals to nave been a distinct 
“fault" along the line, the portion lying south of Iho line having sunken and that to Lhe 
north of it being raised in a well-defined ndgo. In many places along the meat crook, 
ponds and spiings make their appearance, and water con bo hod in wells at little depth 
anywhere on the south side of the ridge before mentioned. A tough, plastic, blue clay 
distinguishes the line of the break, in this portion of its course at least, and where the 
line crosses little Rock Crook, Ine blue clay has formed a submerged dam, which has 
forced the underflow near the surface and croatod a “ cienega" immediately above it. After 
crossing the line, the water of the creek drops quiokly away into the deep giavel and sand 
of the wash. The same effect is noticeable at other streams, and it has been suggested as 
the probable cause of the very distinct nm marking the lower margin of the San Bernardino 
Valley artesian basin and confining its waters within well-defined limits, as this nm is nearly 
on a prolongation of tho line that is traceable on the north side of the mountains — the 
break having croet the mountains thru the Cajon Pass on the line of Swartout Canyon. 

In 1899 tho essential features of the same lino in tho region north of tho Golden Gate 
wore recognized and discust by F. M Anderson. 1 In Intar years Dr H. W. Fairbanks 
has traced out the line in various field trips and has given several public lectures 
descriptive of its features and its significance, but has published no systematic account 
of his studies. 

The fact that the earthquake of April 18, 1906, was caused by a rupture and dis¬ 
placement of the earth's crust along this line for a distance of about 190 miles, immedi¬ 
ately focussed the attention of local geologists upon it. Among those engaged upon 

1 The Geology of the Punt Reyes Peninsula, Bull Dopt Geol, Univ Gel, vol 2, No 5, p 148 et aeq 
Anderson, however, supposed, as is indicated by the lest paragraph of hie paper, that (he faulting ante¬ 
dates entirely the Plcutooene terrace formations 
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its investigation, it became known as the "rift line. 11 Since the earthquake it has been 
traced as a geomorphio or physiographic feature from Humboldt County to the Coloiado 
Desert, with a possible gap between Shelter Cove and Point Arena, where, if continuous, 
it lies beneath the Pacific. Its continuity has, however, been satisfactorily established 
from Point Arena to Whitewater Canyon, at the northern end of the Colorado Desert, 
a distance of 530 miles Thruout this entire distance it lies along depressions or at the 
base of steep elopes which are either the direct result of crustal displacement or of stieam 
erosion, operating with exceptional facility along lines of displacement. Thorn can be 
no doubt that the displacements have been recurrent thru a considerable part, if not 
the whole of Pleistocene time, and that in parts of its extent, at least, the movements 
have taken place on fault-lines which originated in pre-Miocene time. The later move¬ 
ments on this line have given rise to minor featmes which subaerial and stream erosion 
have not yet obliterated, and it is these minor features chiefly which have attracted atten¬ 
tion to the Rift by reason of their striking contrast with more common geomorphio forms 
due to erosion. These minor features are chiefly low scarps and troughs bounded on 
one or both sides by low, abrupt ridges in which frequently lie ponds or swamps of quite 
small extent. 

A summary account will now be given of this rift line as a geomorphio feature. 

HUMBOLDT COUNTY. 

The most northerly point in California at which geomarphic features directly referable 
to the violent rupture of the earth’s crust have been observed are those noted by Mr, 
F. E. Matthes in the vicinity of Potrolia in Humboldt County. Here south of Petrolia, 
on high bare mountain spurs between Cooskie, Randall, and Spanish Greeks, he reports 
the occurrence of several small ponds and ridges such as have been familiar to those 
engaged in the field study of the earthquake phenomena as characteristic Rift features. 
Similar features are also found at the base of these spun near the shore. These are in 
line with features found by the same observer between Telegraph Hill and Shelter 
Cove, a few miles to the southeast. Here, particularly in Wood Gulch (plate 1), is a 
narrow depression with ponds, ridges, and saddles, which appears to be essentially a 
feature due to deformation and to have determined the course of the drainage. The 
course of the depression is about N. 25° W. In this depression lies the trace of the 
fault upon which movement took place on April 18,1006. Its course, if followed south¬ 
ward to the cliffs above Shelter Cove (plates 2a, 3a, b), heads out to sea with a trend 
nearly parallel to the coast Great landslides occur along the coast in proximity to 
this line, and are in part on the Rift The rocks traversed by the Rift in this part of 
Humboldt County appear to consist wholly of shales, sandstones, and conglomerates 
which are probably of Cretaceous age, altho since the geology of the region has not been 
studied, positive statements in this regard can not be made. The region is high and 
rugged, with a very precipitous descent to the sea, King Peak having an elevation of 
4,000 feet at a distance of about 2 miles from the shore 

POINT ARENA TO TORT ROBS. 

From Shelter Cove to near Point Arena, the Rift, if continuous, lies beneath the waters 
of the Pacific. The continuity for this stretch is of course open to question, and in another 
place the considerations bearing upon this point will be presented. At the mouth of 
Alder Greek, 4 5 miles northwest from Point Arena, the Rift enters the coast from the sea 
and is thence traceable continuously to a point about 2 miles southeast of Fort Ross, 
a distance of about 43 miles, with a nearly but not quite straight course, being digjhtly 
curved with the convexity toward the ocean. (See map No. 2.) For our knowledge 
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of the features of the Rift for this part of its course, we are chiefly indebted to the 
observations of F. E. Matthcs and H. W Fairbanks. For this stretch its course is some¬ 
what more meridional than the trend of the coast, so that it converges steadily south¬ 
ward upon the shore line, and finally intersects it below Fort Ross. Between the mouth 
of Alder Greek and the Garcia River the Rift is marked across a low, rolling country by 
a series of depletions, swamps, and ponds, many of which arc without outlet. At the 
point where it intersects the Garcia River, the valley of the latter from that point up¬ 
stream for a distance of 0 miles follows the Rift (plate 3c, n), and its course has with 
little question been determined by the structural conditions inherent in the Rift. On 
the southwest side of the valley the minor features of low ridges and swamps are com¬ 
mon, and there are in places two sets of parallel ridges. From the head of the longi¬ 
tudinal valley of the Garcia, the Rift passes ovor a sag in the mountains to tho Little 
North Fork of tho Gualala River. From this point southeast, the Rift follows the 
common and very straight valley of the Little North Fork and the South Fork of the 
Gualala This valley is separated from tho coast by a ridge varying in height from 
300 to about 1,000 feet. The Rift follows the valley, or rather the valley follows the 
Rift, for a distance of about 18 miles, and is characterised by tho usual abnormal features 
of low ridges, with elongated swamps and ponds between, extended parallel to the river. 
The ridges again evince a tendency to appear m pairs, which is peculiarly marked near 
Stewarts North of Plantation House the Rift passes over a broad, swampy divide in 
the coastal ridge (plato 2b), and at the House is marked by two small ponds. South 
of the Plantation House is a senes of swampy hollows extending toward Buttcrmoro’s 
ranch The latter lies in a broad, swampy saddle. From Buttcrmore's ranch south¬ 
eastward the Rift is marked by a line of deformation traversing the uplifted wave-cut 
terraces and sosrdiffs which are notable features of this part of the coast. Low ridges 
with northeasterly scarps form barnors which pond the surface waters and give rise to 
numerous ponds and small swamps or clongatod hollows Several small ravines and 
gulches lie in its courso, and occasionally a landslide is dearly related to tho path of 
tho Rift In tho vicinity of Fort Ross, the goomorphic forms of the Rift are particularly 
well exemplified and a typical stretch of the latter is cartographioally represented on 
map No. 3. Low ridges up to 10 feet in height, some with maturo rounded slopes, 
others with abrupt slopes to tho northeast, mark its courso. Alined with these are 
scarps which, by reason of their monodinal dopes, can scarcely bo called ridges. Behind 
the ridges and scarps are pools and small swamps Some of tho small streams follow 
the Rift and have established notable ravines along its courso. (Plates 4 and 5) 

'With regard to the geology of tho territory traversed by the Rift from tho vicinity of 
Point Arena to Fort Ross, Dr. H. W. Fairbanks has kindly examined tho ground and 
supplied the following note: 

Except for a strip of sandstones (Walalla beds) of upper Cretaceous age extending along 
the coast north and south of the mouth of the Gualala River, and a triangular area of 
Monterey shale and sandstone underlying the coastal terraces in the vicinity of Point Arena, 
the rocks of almost the entire mountainous region between the upper Russian River Valley 
and the coast belong to the Franciscan. There seems to be but one fault in this region, and 
that is on the line followed by the Rift. The Walalla beds beam upon the coast a little south 
of Fort Ross and, extending inland, form the ridge between the Gualala River and the ocean 
The formation thins out against the ridge bounding the Gualala Valley upon the northeast. 
The line of junction is an irregular one, for in places the soft sandstones reach quite to the 
top of the ndge referred to. These beds extend alongthe coast to the northwest for more 
than 80 miles, finally terminating 7 or 8 miles south ofPoint Arena, where they are overlain 
by the Monterey sandstones ana shales. The Rift does not follow the contact between the 
Walalla and Franciscan formations and the vertical displacement does not appear to have 
been very great, as in only one place was it enough to bring up toe underlying Franciscan 
rocks upon one of its walls. The Rift, for ■nwratoing more than a mile after emerging from 
the ocean southeast of Fort Ross, lies m toe Franciscan formation, and the latter u greatly 
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oxusht and broken slang it Beck of Fort Ron, the surface rods trerened by the Rift 
belong to the WaMla formation, and from this point for a number of miles to the north- 
west no other formation appeals. 



Yia. 1_ QnninfMii Mctum tionsreise to tlw Bift whaie it u followed l*y the Walalla (GnaUl*) Bivoi 


At the point where the road from Stewarts to Geyserville crosses the Gualala River, fault¬ 
ing and erosion have exposed the underlying Franciscan formation. This appears upon 
the northeast side, showing that the opposite side, that toward the ocean, has dropt. 
The Franciscan occupies but a narrow strip and is replaced for some distance up the ridge 
upon the northeast, by Walalla sandstones These relations are shown in the cross-section 
qWnh shown m fig 1. Near the mouth of the Walalla River the formation upon the coast 
side of the Rift still appears to be the Walalla sandstones, the rooks upon the opposite 
side are buried under the alluvium of the valley After leaving the valley of the Garcia 
River, the Rift lies wholly within the Franciscan formation until it disappears in the ocean. 
The Monterey aha.!** witn sandstones at their base form nearly the whole of the coastal 
terraced p^in in the vicinity of Point Arena. They rest unconformably upon the Francis¬ 
can rocks and dip at a steep angle to the southwest The Monterey formation nowhere 
appears to come in contact with the fault. 


BODEGA HEAD TO BOLINAS BAT. 

General Note .—From the point 2 miles south of Fort Roes where the Rift in its south¬ 
easterly course leaves the shore, it passes beneath the Pacific for a distance of 12 or 13 
rwiifta Its observed course to the northwest of Fort Robb, if projected southeasterly 
with a slight curvature, would strike the shore again at Bodega Head; and hero it is 
found on the low ground of the isthmus that connects the head with the mainland 
The Rift here coincides in position with a fault described by Osmont, 1 whereby the Fran¬ 
ciscan rocks to the east are dropt down against the pre-Franciscan dioritio rocks of the 
lioaHinnH Immediately to the east of the fault-trace is a marsh. Across the mouth 
of the bay fanned by the headland is a sandspit and the fault-trace should cross the spit 
near its abutment upon the shore line, but the drifting sands preclude its finding an 
expression here in geomorphic forms 

To the south of Bodega Head the Rift follows Tomales Bay (plate 6a) to its head near 
Point Reyes Station This is a remarkably linear inlet of the ocean lying between Point 
Reyes Peninsula and the mainland, having a length of about 15 miles and not cxccoding 
a in width It has generally been regarded as a feature determined by a fault, 1 
the same as that noted by Osmont at Bodega Head, whereby the Franciscan rocks of 
the ™ai‘nlanH were brought against the pre-Franciscan granitic and dioritio rocks of the 
paniTiaiiln- The bay is quite shallow, but both of the slopes above the shore lino are 
rather precipitous, and the ridge crests on either ride attain elevations of over 1,000 feet. 
On the Tna.iwl<i.nfl side of the bay there are some rather vaguely defined terraces, both in 
the form of wave-cut benches and delta embankments. On the same side of the bay 
there are ma rina deposits of late Pleistocene age, containing abundant molluscan remains 
which have been elevated to about 25 feet above sear-level, and which are the equivalent 
of similar deposits at a similar elevation on the east side of San Pablo Bay. 

i Bull Dept Geol, Umv Gel, vol 4, No 3 

> Of AwHwhmwi, Geology of Point Reyes Peninsula, Bull Dept Geol, Univ Gal, vol 2, No 5. 
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To the south of Tamales Bay the Rift lies in a remarkable defile with abnormal and 
ill-adjusted longitudinal drainage, which extends thru to Bolinas Bay, a diataneo of 
about 14 miles On the east sido of the defile is the steep coastal slope of the mainland, 
rising to a rulgo crest from 1,000 to 1,700 feet m height. The transverse gullies in this 
slope arc shallow, and detract but little from the general effect of a fairly regular but 
uneven steep slope On the west is an oven steeper but more incised and rugged slope, 
which foinis the eastern edgo of the peninsular land mass. This slope culminates in 
crests having an altitude of about 1,500 feet. The most striking gcomorphic feature 
of the bottom of the defile is tho presence of low ridges with intervening zavines oi gul¬ 
lies elongated parallel to the general axis of tho depression. More or less hummocky 
surfaces, with hillocks and hollows having no regular orientation, also occur. In the 
hollows ponds arc fahly common features. The chief drainage is to Tomales Bay by 
Olema Cheek, winch hoads within 2 5 miles of Bolinas Lagoon, and the divide between 
this stream and the parallel one which flows to the southeast has an altitude of about 
400 feet above scar-level The southeast end of the depression is submerged beneath 
scarlevel, and is cut oil from Bolinas Bay by a sandspit The very slioal water inside 
of the sandspit is known as Bolinas Lagoon (See [date 6b ) 

The rocks on the cast side of the defile belong wholly to the Franciscan series. On 
the west side, at the north end, wc have chiefly the granitic and (lioritic rocks of the 
peninsula with limited masses of crystalline limestone into which theso rocks are intrusive. 
Farther south the granitic locks arc overlain by the shales of the Monterey series, and 
these rocks form tho west side of the defile for several miles The slialcs have inconstant 
and often very high dips. Still farther south the sandstones of the Merced scries lie 
unconformably upon the Monterey shales, and near tho town of Bolinas dip uniformly 
at moderately low angles toward the axis of tho defile. It is thus apparent that the axis 
of tho defile crosses more or loss obliquely or transversely the contact between the Mon¬ 
terey and the granitic rocks, and also the contact between the Merced and the Monterey. 
It is also a remarkable fact that altho on the oast side of tho defile tho Franciscan rocks 
constitute the mountain mass to a thickness of several thousand feet, this entile series, 
together with the Knoxville, Chico, Martinos, and Tcjon, is almost entirely absent be¬ 
tween the Monterey and the granitic rocks on the peninsula in tlic immediate vicinity. 
This indicates clearly that in pre-Monterey time tho peninsular mass had been uplifted 
on a fault along the present coastal scarp, so that the granite was brought against tho 
Franciscan and denuded of its unconformablc mantle of sedimentary strata before it 
was submerged to receive the deposits of Monterey time. It is also clear that inasmuch 
ss there is a groat volume of Monterey shales on the peninsular or seaward side of this 
fault line, and no trace of the same formation on tho mainland to the cast of the fault line, 
one of two things must have happened Either the submergence which permitted the 
deposition of the Monterey shales was confined to the peninsula and was effected by a 
downthrow of that block on the same fault as that upon which it had earlier been upthrust, 
so that there was no sea over the toonitory east of the fault; or, if the regions on both 
rides of the fault were submerged together, then m post-Monterey time the east ride of 
the fault was lifted into the zone of erosion and denuded of its covering of Monterey 
shales so thoroly that no trace of them now remains There is no escape from one or 
the other of these conclusions, and each of them involves a movement on the fault with 
relative downthrow on the southwest side, or the reverse of that which occurred in earlier, 
pre-Monterey time. From this interpretation it follows that the defile extending from 
Tomales Bay to Bnlinm Bay lies along the trace of a fault which dates from pre-Miocene 
time, and that upon this fault there have been large movements in opposite directions 
so far as the vertical component of such movements is concerned. The trace of this 
ancient fault is also the line of the modem Rift. 
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The dip of the Merced beds at Bolinas toward the Franciscan rocks of the mainland 
is quite analogous to the dip of the same beds toward the Franciscan of San Bruno 
Mountain on the San Francisco Peninsula, 1 and has the same significance, viz, that the 
Meiced beds have been relatively downthrcwn on the west against the older locks 
The fault in the Tomales-BolinaB defile has usually been regarded as identical with and 
a continuation of the San Bruno fault of San Francisco Peninsula, and there seems to 
be no good reason for changing this judgment, altho, as will appear shortly, the modem 
Rift to the south of the Golden Gate does not coincide with the trace of the San Bruno 
fault, but leaves it at a small angle and pursues a course nearly parallel, but to the 
southwest of it It is noteworthy, also, that while on the Pomt Reyes Peninsula, par¬ 
ticularly in the vicinity of Bolinas, there is a magnificent wave-cut terrace at an altitude 
of about 300 feet, with a width of 1 to 15 miles between the base of its sea-cliff and the 
brink of the present sea-cliff, no such feature is to be found on the landward side of 
the fault-line on the coastal scarp between Bolinas Lagoon and the Golden Gate. 

Characten&hca of the Rift (G E Gilbert, pp 30-35) — In a broad sense the structural 
trough in whidi lie the two bays is a feature of the gieat Rift In a narrower sense 
the Rift follows the lowest lme of the trough, controlling the topography of a belt 
averaging 0 75 mile in width. The physiographic habit of the trough is that of a 
depression occasioned by faulting. It is remarkably straight One wall, the south¬ 
western, is comparatively steep; the other is comparatively gentle. The gentler slope 
is an inclined plateau with incised drainage. Viewing the trough from any command¬ 
ing eminence, the physiographer leaddy frames a working hypothesis of faulting and 
tilting. He sees in the southwestern wall a fault-scarp of moderate freshness, and in 
the northwestern wall a slope originally less steep, in which erosion has been stimulated 
by uplift and tdting. The general facts of the geology of the district, as worked out 
by Andeison, 1 agree with this theory The axial line of the valley is recognized by 
him as the locus of a fault, or fault-zone, and the rocks of the southwest wall are every¬ 
where older than those which adjoin tham at the base of the opposite slope. The 
gentler slope is well shown by plate 7a. Plates 8b and 41b also show Rnmnf.hing 0 f 
the gentler slope, and {date 7b of the bolder. 

In a general way the two slopes are drained by streams which d«mand to the axis of 
the valley, and are there gathered in two longitudinal tr unk streams which flow severally 
to Tomales Bay and Bolinas Lagoon; but in a central belt following the lowest part of 
the trough the details of drainage are comparatively complex, and their complexity 
is associated with peculiarities of the relief which serve to diatingiiiali the central belt 
from the bordering slopes. In the bordering slopes the subordinate ridges conform in 
normal manner to the drainage, having evidently been developed by the erosion of the 
canyons which separate them. In the axial belt the ridges are evidently independent of 
the drainage, often running athwart the courses which would normally be followed by 
the drainage. In part the ridges divert or control the drainage; in part the drainage 
traverses and interrupts the ridges. 

The influence of the ridges on the drainage is illustrated by the accompanying dia¬ 
grams. Fig. 2 shows the actual drainage system; fig 3 the system whidi would be 
developed if theie weie no special conditions along the axial zone. The —wan ridges of 
the axial zone trend parallel to the axis, and their interference gives pM*lM courses 
to various streams which would otherwise unite The influence of the drainage on the 
ridges is illustrated by fig 4, which shows a small ridge resting on the side dope of a 
larger ridge. The drainage of the larger ridge breaks thru the smaller, making ga pa 
Plate 7b shows the slope of a greater ridge at the right; and at the left two bushy t»n« 

1 Gf A Sketch of the Geology of the San Franolaoo Peninsula U S G 8,15th annual npart 

* Geology of Point Reyes Peninsula, by F M Andenon. Bull Dept Geol, TJniv. Cal, vol 2, No. 5 
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which are part of a flanking ridge dissected by cross-drainage. The flanking ridge appeals 
also in the distance. In plate 8a the flanking ndge is broader, in plate 9a it is more 
neaily a terrace than a ndge. 

Similar relations between ridges and drainage lines are found in regions of steeply 
inclined strata, each ridge being determined by the outcrop of a resistant formation, 
oi at least all of the preceding description might apply to the topography of such a 
region; but other characters remain to be mentioned, and these serve for discrimination. 



Pro 1 —Drainage map ol Bolinna-Tnmalm Valley. Heavy biolcan lines show meets 
of bounding ndgea Light broken lliun mdioato limits of Rift Iqpogiapby 


Where a steep-sided ridge is determined by the presence of a resistant formation, the 
determining rock follows and usually outcrops along its crest; but in the ridges under 
consideration there are few rock outcrops, and such as occur are not systematically 
related to the crest lines. The formation of the crest is not always the same thru the 
whole length of the ridge, and it is not always a rode of such character as to resist erosion. 
Between the ridges are linear valleys, and many of these are occupied by streams, but in 
a number of instances they are erost by the drainage. Often they include local depres¬ 
sions, with ponds or small swamps, this character being so pronounced that forty-seven 
such ponds were seen between Papennill Greek and Bolinas Lagoon, a distance of 11 
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miles. (See plate 9b, 10, 43, 54a) The valleys range in width from 20 or 30 feet to 
about 500 feet, the majority falling between 100 and 200 feet, and each of them is 
approximately uniform in width, unless occupied by a stieam. In a typical cross- 
profile, the side of the valley is somewhat definitely distinguished from the bottom by a 
fffmrigp of slope (see fig. 5), the distinction appealing at one or both sides.. 

In view of characters, and especially of the abundance of ponds, it is evident 
that foffw little valleys are not products of stream erosion; and that in so far as they 
are occupied by streams the streams are adventitious Their true explanation is sug¬ 
gested by their relation to certain of the earthquake phenomena of April, 1906. As will 



Fm 8 —Hypothetic dxunigemap of Bolinae-Tamalee Valley, if developed without 
indimiMm Wift HwpiMMiiwifc. Compare flg a 

presently be described in detail, the trace of the earthquake fault thru the greater part 
of its course in the larger valley follows the edge of one or another of these small valleys, 




nearly always tewdfld to increase the depth of the valley. (See plate 10b and fig. 6.) 
Of the numerous wihmir or secondary cracks developed by the earthquake in the immedi¬ 
ate vicinity of the main fault, a considerable proportion occurred at the edges of the little 
valleys, following more or less closely the line along which the bottom meets the side; 
and with cracks also there was usually a little vertical dislocation, the ground 
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sinking a few inches on the side toward the middle of the valley Thus the surface 
changes associated with the earthquake tended, withm this belt, to increase the dif¬ 
ferentiation of the land into ridges and valleys; and it is easy to understand that the 
inception as well as the peipetuation of the uilges and valleys was due to faulting. 



iiiigo 
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Collectively these ridges and valleys occupy a belt from 0 5 to 1 nule m width, and 
constitute the local development of the Rift, using that term in its narrower sense. They 
make up the entire surfaco of the belt, except where overpowered by some vigorous 
creek. The individual ridges are not of great length, being 2 or 3 miles at the most, 
and usually much less. Some of them end by wedging out, others by dropping down 
until replaced in the same line of trend by valleys. Their greatest height above base, 
except where the adjacent valleys have boon deepened by erosion, is about 150 feet. 
The narrower have straight, acute crests; the broader have undulating backs with 
more diversity of form than is shown by the associated valleys Some are crost by 
curved or straight depressions, and these depressions have all the characters of the 
parallel valleys, including the association of earthquake cracks 
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In the remainder of this report the term Rift will be applied only to tho narrow belt 
just described. Regarding it as the surface expression of a groat shear sone or compound 
fault, the ridges are the tops of minor earth-blocks, and tho valleys are in part the tops 
of relatively deprest blocks and in part depressions resulting from the weathering of 
eruaht rock. Considering the Rift as a physiographic type, I find it convenient to have 
a specific for one of its dements, the small valley; and in some of the descriptions 
which follow I shall speak of it as tfautirsag (See plates 7b, 8a, and 11.) 

The general relation of the Rift to the greater valley is illustrated by the cross-profile 
in fig 7. Along its northeastern side it everywhere lies lower _— 
than the adjacent dope of the greater valley, the produood 
profile of the valley slope passing above the fault-ridges as well \ 

as the fault-sags. Along its southwestern side some of the fault- 
ridges appear to project above the restored profile of the greater \ r 

valley, while the fault-sags lie bdow. If I interpret the struo- no. a —ideal leotiou 
tun correctly, the great compound fault concerned in the making 
of the valley trough—a fault of which the vertical dislocation 
nmmintH to several thousand feet—indudea a certain amount of step-faulting, which 
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is responsible for Borne of the western ridges of the Rift belt, but with that exception, 
the ridges and sags of the Rift are occasioned by the unequal settling of small cruht 
blocks along a magnified shear zone. (Fig 8) 

The limits of the Rift aie not definite The boundaiics drawn in fig 2 nerve to 
indicate the belt in which the Rift structure dominates the topography, but do not 
indicate the limits of the Rift structure. Within the belt the dislocations have boon so id- 
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cent and of such amount as to keep ahead of weathering and erosion, so that their expres¬ 
sion has been little dimmed by the processes of aqueous sculpture. Outside the belt the 
evidences of recent dislocation are less striking, but nevertheless exist. The inter*tream 
ridges of the northeastern slope are here and there indented and creased in such a way as 
to indicate recent faults of small amount trending parallel to the Rift. In the vicinity 
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of both Boliims Lagoon and Tomalcs Bay such features grade into dislocation tcnoccs of 
greater magnitude, which originated at earlier dates but may have been recently accentu¬ 
ated. There aic also narrow torroces of displacement on the comparatively steep face 
of the ridge southwest of the Rift, and at two points there are minor crests and asso¬ 
ciated canyons parallel to the main crest and to the Rift. So little is known of the local 
details of geologic structure that a different explanation of theso 01 * 011808 , terraces, and 
spun is not altogether barred, but their physiographic relation to the Rift features is 
so intimate as to leave little question in my mind of their genetic sumlanty Assuming 
that they are correctly explained as the product of minor faulting of only moderate 
antiquity, they serve to connect the great trough containing the bays with the nairow 
belt of peculiar and stiiking topography, and indicate those as parts of a single great 
phenomenon — a belt which has been the locus of complicated Assuring and dislocation 
during the later geologic epochs 

MUSSEL ROCK TO PAJARO RIVER 

From Bolinas to the vicinity of Mussel Rock, about S miles south of the Golden Gate, 
the course of the Rift is beneath the watcis of the Pacific, across the bar in front of tho 
entrance to the harbor. Near Mussel Rock it intersects the shore at a great landslide 
({date 12a) in rocks of the Merced sciies At Mussel Rock, the basal bods of the Merced 
senes rest directly upon an old land surface of wom-down Mesozoic rocks, and the basal 
bed contains abundant cones of Finns tnsipnu resting upon cemented alluvium The 
cone-bearing bed immediately underlies marine strata and numerous fossils occur near 
the base of the senes at the top oi the ridge. The Merced strata hero have a dip of about 
15° to the noitheast. The contact between the Merced and the older rocks trends south¬ 
east across tho peninsula; and for some miles the Rift is approximately coincident with 
the trace of the contact and, for some portions of this distance, exactly so From the 
shore line the course of the Rift is the same as that of the steep dilfs which rise at the 
back of the Mussel Rock slide to an altitude of over 700 feet. From the top of those 
cliffs, at an elevation of about 500 feet above sca-lovd, the com sc of the Riit as far as 
San AnriTPJia Lake is marked by a lino of shallow longitudinal depressions, ponds, and 
low scarps. (Sec plate 12b, 13, and 14) There arc eight ponds m this stretch of about 

4 5 miles. This poition of the modern Rift was recognized as such in 1893. 1 

At a point about 4 miles from the Mussel Rock slide, the longitudinal depression which 
marks the course of the Rift becomes much more pronounced and passes into a remark¬ 
ably straight and deeply trenched valley, the greater part of which has been converted 
by large damB into the San Andreas and Crystal Springs Lakes, used as reservoirs by 
the Spring Valley Water Company as water supply for the city of San Francisco. This 
straight valley (see plate No 15) has an extent of 15 miles with a steady course of 

5 34° E. to a flat divide southwest of Redwood City, whereby one passes over into the 
end of a similar but less pronounced valley, in which arc situated Woodside and Portola 
Tho San Andreas and Crystal Springs Lakes valley is almost wholly in the Franciscan 
terrene and the of the valley is discordant with the structural lines and contact 
planiw of its constituent formations and intrusive masses. At the upper end of San 
Andreas Lake, however, the southwest edge of the Merced terrene forms in part the 
boundary of the valley on the northeast side for a short distance The valley as a geo- 
morphic feature (plate 16a) dates back fairly well into the Pleistocene. It is drained 

1 “The line of demarkation between the Pliocene and the Mesozoio rooks, which extends from Mussel 
Rook southeastward, is m part also the la ace of a post-Fhoeene fault The gieat slide on the noith side 
of Mused Rode is near the land terminus of thia fault-zone, whore it intersects the shore line Movement 
on this fault-zone is still in progress A senes of depressions or sinks, occupied by ponds, marks its 
course Modem fault-scarps m the Pliocene tarrane aie features of the country tiaveraod by it" The 
Post-Pliocene Diastrophism of the Coast of Southern California, by Andrew C Lawson, Bull Dept 
Geol, Umv Cal, vol 1, No 4, pp 150-151 
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by San Mateo Creek which flows in a sharp gorge thru the wider part of the broad, flat- 
topt ridge which separates the valley from the Bay of San Francisco. This stream is 
regarded as a relic of the original consequent drainage of the northeast slope of Montara 
Mountain, which became superimposed upon the Franciscan terrene by the denudation 
of the overlying soft and little coherent Merced formations. From this consequent 
trunk the valley in which San Andreas and Crystal Springs Lakes now lie was evolved 
by subsequent erosion along the line of the Rift, its present features dating from a period 
in the Pleistocene later than the removal of the Merced formations. A small portion 
of the upper end of the valley has been captured by the headwater erosion of San Bruno 
Creek. 

To the southeast of Crystal Springs Lake, the valley followed thus far bifurcates about 
2 miles beyond the lake, on either side of a median ridge. The two branches are nearly 
parallel. The east branch rises to a wide and rather flat divide, with streams heading 
in it from both sides The other branch, altho it is more incisive, has no well-defined 
stream, but has a small swamp at its lower end. It rises to a sharper divide, from which 
there is a descent into the narrow straight canyon of West Union Creek. It is this 
western depression that the Rift follows. Near Woodside the canyon of West Union 
Creek expands into a more open valley, with steep mountains on the southwest and 
lower hills on the northeast The Rift follows this straight valley (plate 16b) to its 
southeastern end, and then ascends to the saddle which separates Black Mountain from 
the mountains to the west From this saddle it descends to the narrow canyon of 
Stevens Greek. It crosses the canyon at a small an gla near its upper end and parallels 
the creek on the southwestern side, at an elevation of about 600 feet above it. It then 
passes thru the saddle between Stevens Greek Canyon and Congress Springs, and keeps 
well up on the slopes to the west of Congress Springs behind a series of shoulders and 
knolls to a reservoir on a saddle thru which it passes From this ««ddln southeastward 
the line of the Rift again lies along the southwest side of a longitudinal valley and so 
continues on a line independent of the present drainage to the pronounced notch in the 
crest line of the range at Wright Station. 

In this stretch of the Rift from Crystal Springs to Wright, the coincidence of the Rift 
with the major geomorphic features is very striking for the first half of the distance. 
In the second half, if we judge by the fault-trace, it appeals to be quite independent of, 
tho parallel to, the canyons; and its only manifest relationship to the geomor phic fear 
tures is its coincidence with a series of saddles or windgaps in the transverse spurs of 
the mountains. Its general parallelism with, and proximity to, the crest of tho range 
thruout the entire stretch is pronounced. In the notch at Wright, the Rift intersects 
the crest line and passes from the northeastern flank of the range to the southwestern. 

The general features of the Rift from Wright to Chittenden are described by Mr. E. S 
Larsen in the following note* 

From the hills above Wright Station to the village of Burrell, a distance of about 
2 miles, the Rift follows along the ndge above Los Gatos Creek, which drama to ^ 
east. The drainage of the western slope of the ridge is to the Pacific. For most of this 
distance the Rift is a short d istan ce on the Los Gatos Greek side. It usually occupies a 
small, trough-like depression; or, where it outs just above the heads of the gullies, 
there are low, rounded knolls between the gullies These imnlla are seldom over 30 
feet higher than the trough. Just southeast of Burrell, the Rift traverses the ridge and 
follows a gully into Burrell Greek, which it crosses. It continues in a southeasterly 
direction, parallel to the erode and about halfway up the ridge to the southwest of it. 

The devation of the ridge is only about 400 or 500 feet above the creek bed, and the top 

is rounded, with a steep slope below this to the Rift, and a gentle dope below the Rift 
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to the creek. Near Burrell the slope is very gentle at the Rift, for from 20 to 50 feet, 
but is steep above and below Looking up the Rift and the crcok from this point, one 
gets the impression of a long straight creek, but in reality the view is over the divide, 
down a small tubutary of Soqudle Greek to its junction with the main sticam and thence 
up the main Soquellc Greek About 2 5 miles from Burrell tho Rift follows a small 
gully into Soqudle Greek, which it crosses where the creek makes a sharp turn to tho 
west. For tho next 4 miles, or to the point whore the new county rood crosses tho divulc 
between a branch of Soqucllo Creek and Eureka Creek, it follows near tho top of the 
timbered ridge to the southwest of Soqudle Crook. The heavy timber obscures the topog¬ 
raphy, but the Rift, wherever crost, is marked by a bench or trough on the hillside. 

Following the Rift to the southeast, it passes at the divide into the head of Euicka 
Canyon, rises on the northeast bank, anil slowly gets farther away from the creek, cut¬ 
ting across the tributary creeks and rarely following one of tho smaller gulches for a short 
distance. The typical section here gives a steep dope on the high hills to the northeast, 
then about 0 25 mile of gently sloping, rolling hills, and finally the stoop dope to tho 
cieek itself Tho Rift is on the gentle dope, generally at some distance from either of 
the changes in slope This continues for about a distance of 2 miles on to Grizzly 
Flat. Here the high steep hills to tho nmlheast ore separated from the lower hills to 
the southwest by a flat about 500 feet acioss. Tho Rift is on this flat near its contor, 
and usually marks the noithcast boundary of a series of low knolls. It continues on the 
fiat for about 0.5 mile to where the hills dose together and leave a rather steep-walled 
gulch. The Rift follows up this gulch for about a mile, and then crosses into tho head 
of another creek, which it follows down for about 3 miles, where the stroom turns sharply 
to the north. For the upper mile tho gulch is rather sharp and deep, but at Eazd Doll 
the hills on both sides ore low and rolling, while the lower mile is again rather steep, 
opening at the turn to a rather flat country. At Hoad Dell and other points, the Rift 
occupies a small but distinct trough very near the southwest bank of the creek. From 
here to Chittenden, a distance of about 8 miles, it follows poralld to Pajaio Valley, well 
up on the hills, and outs across the canyons at almost right angles. 

The typical section up one of these ridges gives a gentle dopo from the valley to an 
elevation of about 1,000 feet; a steep dope for about 50 foot in the opposite direction, 
which marks the Rift; a very gentle dopo for about 1,000 foot acioss; and finally, tho 
steep upper slope of the hills. Over this area the Rift is nearly always markod by a 
trough, which often gives rise to a small lake perched ona ridge between two steep canyons. 
At a few points, especially about a mile northwest of Chittenden, small streams and 
gullies tend to follow the Rift, and they then make a sharp turn where they leave it. 
At Chittenden the Rift again passes thru a pronounced notch in tho crest of the range 
occupied by the canyon of Pajaro River (plate 17a), from the western flank of tho domi¬ 
nant ridgo of the Santa Cruz Range to the eastern flank of tho Gavilon Range. 

The rocks traversed by tho Rift from Mussel Rock to Pajaro River are, so far as known, 
almost wholly confined to tho Franciscan and Monterey series, the former prevailing in 
the northern port and the latter occurring only in tho southern. At Pajaro River the 
Rift encounters the granitic rocks of the Gavilon Range, but these lie wholly on its 
western side. 
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PAJAK0 RIVER TO THE NORTH END OF THE COLORADO DESERT 
By H. W. Fairbanks. 

The earthquake of April 18, 1006, opened and displaced the walls of the old fault along 
the Hift as far south as the town of San Juan in San Bonito County The fault-trace 
passes diiectly undci the western span of the Southern Pacific Railroad bridgo across 
San Juan River, as shown by the displacement of the piers at the end of the bridge, a 
distance of 3 5 feet For a distance of nearly half a mile on either side of the bridge, 
the river has established itself in the Rift. To the northwest the steep slopes of Mount 
Pajaro facing the canyon do not show any regular fissure. This docs not, however, 
indicate any discontinuity m the fault, for the suiface of the whole mountain is more or 
less broken by auxiliary cracks, secondary flumes, and slides 

Southeast over the hills from the point where the Rift leaves the liver, the chniactcr- 
istic features of tho Rift make their appearance It is marked by a small pond (plate 17b), 
springs, and a more or less continuous ridge with its steeper face toward the southwest 
The fissure of the recent earthquake follows this series of features (plato 18a), and, at 
a point halfway between the bridge and San Juan, there is shown in a broken fence a 
horizontal displacement of 4 feet A mile before reaching San Juan, granitic rocks arc 
exposed upon the southwest side of the Rift. Shortly beyond this point the Rift leaves 
the hills and traverses the western edge of the valley of the San Benito River. The ridge 
which we have been following is now lost in the level floor of the valley, but as for as 
traceable its course is directly toward the low bluff upon the eastern edge of the town of 
San Juan. The fissure of the recent earthquake is to be seen where it crosses the road 
0 5 mile northwest of San Juan, but has not been noted farther along the old Rift line. 
It appears to bend more easterly, and this piobably connects it with the disturbances of 
the earth between Hollister and San Juan Mr. Abbo, of San Juan, states that the 
earthquake of 1890 opened the old Rift and that the displacement of the walls, tho small, 
was in the same diieotion as in the lecent earthquake. 

The town of San Juan stands upon a bench of gravel which dips gently in a south¬ 
westerly direction, but upon its northeastern side presents a steep face which, near the 
old mission, has a height of about 50 feet. This bluff is marked thruout its length of 
0 5 mile by Beveral springs, and there can be little doubt that it owes its existence to a 
fault movement uplifting and tilting toward the southwest a portion of tho floor of the 
valley, and that it thus originated in the same way as other similar features which we 
shall find to be characteristic of the Rift. The Rift leaves the valley southeast of San 
Juan and gradually rises along the eastern slope of the Qovilan Range. It intersects 
the head of San Juan Canyon, and has here given use to an interesting mnriifina.t.inn of 
the drainage San Juan Canyon is long and narrow and is formed by the union of several' 
small stiearns which, rising upon the higher slopes of the iange, pursue a normal course 
towaid the San Benito Valley, until reaching tho Rift, they turn northwest and slightly 
away from the fracture line, giving rise to San Juan Canyon. At the point where tho 
Rift intersects the canyon, the narrow ndge between the canyon and the valley has boon 
broken thru, and the whole drainage passes directly down the mountain, ahanHnning 
the canyon, which is now filling with ddhris fan material. 

For about 10 miles southeast from the head of San Juan Canyon, the Rift follows the 
eastern elope of the Gavdan Range. It is marked by hwirII valleys and gulches, by 
hollows and ridges upon whose sides oak trees are growing; and it is followed almost 
continuously by a wagon road. One of tho most interesting features along this portion 
of the Rift is Green Valley, a broad cienega due to the filling up with gravels and silt 
of a valley lying close under the steeper portion of the Gavilan Range. There are two 
fault-lines below the valley and about 0.25 mile apart. The cienega is due to vertical 



EAUIHUUMO- INVbblUjAriON 
COMMlbSDJN 


FLATF 1 


Gold** G * te 
fart Point 


Point LobM. ' r 

.<fe= 



r ( 
» li ' 


A’-. SAN FRANCISCO 


GEOMORPHIC 

AND 

GEOLOGIC MAP 

OF THE 


\ V==3^ , , f' 

\v > 



SAN FRANCISCO PENINSULA. 

BY 

ANDREW C LAWSON 
Seals 


Aft. 


1007 



f 

I 

I , 














PLATE 16 



E The Ufk viDey 0 bDm veet of Bteifari UnhmUf ■ 


htaapgni ForJ.O>& 









PLATE 17 



B. Tka Hift a ula 


ofOUMndBi Itad n qpar dopa of U1L H.W. F. 




THE BAN ANDREAS RIFT AS A GEOMORFHIC FEATURE 


30 


displacement along the upper line, which has raised a ridge of the bid crystalline rocks 
across the valley. This dam must first have given rise to a lake, but as this filled up 
with the wash brought down from the mountains, a marshy meadow took its place. Tho 
oldest resident in the dutiict says that the earthquake of 186S formed a small lake in 
the lower portion of the cicnega. The great body of gravels filling the old valley acts as 
an important lcscrvoir of water. The city of Hollister has taken advantage of this fact 
to secure a water supply. By tunneling thru tho rock bonier, the gravels are reached 
and tho water led away in pipes. 

The Rift conics out upon tho San Benito River 4 miles above Paiccnos P.O. For 
several miles up the river from this point, the Rift lino is masked by the recent flood 
plain. Above Mulberry P 0., and just before coining to the bridge across the river, a 
most striking and interesting feature appoors. Upon the east side of the river, and 
separated from it by a ridge, is a narrow depression half a mile long and 75 foot dcGp, 
without any external drainage. Tho ridge between it and the liver extonds a mile 
northwest of the sink, and presents a steep face to the northeast. The road passes along 
the eastern base of the ridge and opposite the sink makes uso of its oven crest. Tho 
river makes a sharp bend at the bridge, and the Rift crosses to the west sido. Faulting 
has here brought to the surface, upon tho west side of the Rift, limestones associated 
with the crystalline schists and granitic rocks of tho Gavilan Range. 

In order to follow the Rift beyond the mouth of Willow Greek, wo leave the San Bonito 
River road at the mouth of the creek and follow to its head a long nanow canyon which 
has evidently been eroded on the line of fracture At tho head of the canyon we come 
out upon a bit of opon rolling country whioh, but for a low ndgo, would drain into the 
San Bonito This ridge has evidently been raisod along the Rift, diverting a stroam 
which would naturally bo tributary to tho San Benito, so that now it forms the head of 
Bear Greek and flows down past the Gholonc peaks into the Salinas River. Several 
nnHrainnH hollows (plflto 18b) mark tho Rift as it follows the rirlgo between Bear Valley 
and San Bonito River. Tho formation of both walls is probably of Tcrtiaiy ago up to 
a point near San Bonito P.O., where tho Franciscan senes constitutes the southwest sido 
and tho Tertiary tho northeast. South of San Benito P 0., there is a considerable aica 
where tho surface has been much changed as a result of some one of tho movements along 
tho old Rift. A fertile valloy, perhaps 0.5 mile long, appeals to have been formed thru 
subsidence, while on the southwest is an abrupt ridge 200 fool high anil fully a mile long. 
The ridge without doubt has been producod by faulting 1 Its abrupt northeastern face 
and long, gentle, southwesterly slope suggest in a remarkable manner the groat fault 
blocks of the west, such as the Sierra Nevada Range Tho ridge gradually sinks in a 
southeasterly direction, blending with Dry Lake Valloy. The latter is about 2 miles 
across and has no axternol drsiiisgo. Tho fault-scarp already mentioned oxtoncls as a 
low ndge part way across the valley and is utilised by the road. 

Looking southeast across the valley in the direction whioh tho Rift pursues, a moun¬ 
tain is seen which seems to have been sharply cut off. Descending a narrow valloy to 
the southeast of Dry Lake Valley, we reach the foot of a steep escarpment (plato 19a) 
where there are apparent two, and possibly three, lines of displacement. The middle 
one passes at tho foot of the main cliff, which is between 400 and 500 feet high. It 
can not be said with certainty that the whole cliff is the result of faulting, oltho It is 
certainly so m part. The formation in the cliff is sandstone of either Tertiaiy or Cre¬ 
taceous age About 5 miles northwest of Bitterwater there is an interesting valley which 
has boon so disturbed that it has no external drainage, while thru its center passes a 
ridge formed along the Rift. The ridge forms a fine roadbed. Descending toward 
Bitterwater Valley and P O, another ridge appears which is as even and regular as a 
railroad grade. Bitterwater Valley is occupied during the wet season by a marshy lake. 
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The depression is probably associated in some manner with one of the movements along 
the Rift. Upon the eastern edge of the valley there is an escarpment about 100 feet 
high, due to an upward movement upon the noitheast side of the Rift. 

Southeast of Bitterwater, the Rift leaves the younger formation, and at Lewis Creek 
both walls are in the Franciscan rocks. For 20 or 25 miles now, the peculiar featuies 
of the Rift by which we have followed it are almost absent The Franciscan senes, 
including old sedimentary rocks, serpentines, and other basic igneous rocks, does not 
lend itself well to the preservation of such records, but appears to be greatly broken and 
crusht and marked by enormous landslides in the vicinity of the Rift The Rift crosses 
Lewis Greek about 2 miles above its mouth and then passes up over a high ndge lying 
between Lewis Creek and San Lorenzo Greek. On the north side of Lewis Greek there is 
an. enormous landslide, which has nearly blocked the valley. The slide is undoubtedly 
hundreds of years old. The ridge onto which the Rift passes after leaving Lewis Greek 
is most by it at such a small angle that it does not reach the southern base until we get 
to the head of Peach Tree Valley, a distance of 20 miles. The ridge its whole length is 
shattered and broken, and, as before said, marked by innumerable rockslides. The rather 
steep slopes appear to move every wet season. Hie headwaters of the San Lorenzo 
Greek (Peach True Valley) have been robbed by Gaviota Greek, possibly as a result 
of some movement connected with the Rift. Just above where the stream has been 
diverted, there is another great landslide which the road crosses to reach Slack Canyon. 

At the mouth of Slack Canyon, the Rift leaves the Franciscan series, and coincides 
again with an ancient fault in which the Miocene sandstones are thrown down upon the 
southwest against the older formation just referred to. Passing from Slack Canyon over a 
divide, we come to the headwaters of Indian Greek and Nelson Canyon. As the Rift oc¬ 
cupies steep slopes much of this distance, it m diatin gmshflri nVifafly hy lRnrialidiw and rapid 
gullying of the surface. In Nelson Canyon the Rift follows an old fault in which the Mio¬ 
cene formation has been thrown down upon the southwest side, and the northeast wall so 
raised that the granite on which the Franciscan series rests is exposed. Ascending the 
divide toward the head of Nelson Canyon, a tong, nearly straight ridgo of Miocene days 
divides the drainage and appears to be due to some one of the movements along the Rift. 

The Rift can be traced thru the hills at the head of the Cholame Valley by its charactciv 
istic features, as well as by bluffs which are undergoing rapid erosion. It crosses the road 
a mile west of Parkfield and exhibits here a regularly rounded ridge 200 feet wide and 
20 feet high at the most elevated point. (Plate 19b.) That the ndge must be hundreds 
of years old is shown by the great oak trees that are growing upon it. One whito oak is 
fully 8 feet thru. Large springs mark the fissure at this point, and are found along it tho 
whole length of the Cholame Valley. According to a resident, the Rift opened tho 
ndgo in the earth quake of 1901, the opening being distinctly traceable for several nnlng . 
Southeasterly fiom the point just described thru the Cholame Valley, there appears no 
very prominent ndge or escarpment, altho springs and oienegas, tnwlnng a gent le swell 
in the flat open surface of the valley, indicate the line of the Rift 

The region about Parkfield, in the upper Cholame Valley, has been subjected to more 
frequent and violent disturbances than almost any other portion of the entire Rift. An 
auxiliary fissure begins near the main Rift a little west of Parkfield, and extends in a 
more easterly direction along the east side of Cholame Greek. (See plate 20.) The once 
flat, open valley has been broken along this line, and a bluff nearly 200 feet high formed 
facing the Creek. This bluff, now deeply eroded, must have been formed during one of 
the oldest disturbances. The lowland between this bluff and fihnliwifl Creek shows the 
effect of great disturbance over a considerable area. TnimwiCTuMi) hollows fatHaw and 
extend in all directions. They resemble nearly obliterated creek beds except that they 
have no outlets. Parallel with the front of the dissected bluff, but a little Wk from 
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its upper edge, are two parallel lines of faulting, probably made at a later date than 
the bluff itself A small lake occupies a hollow in one The slopes of one of these V- 
shaped depressions are quite steep, pointing to a comparatively recent origin 

The people living along the Rift for 150 miles southeastward from the Gholame Valley 
tell wonderful stories of openings made m the earth by the earthquake of 1857. The 
first settler m Gholame Valley was erecting his cabin at that time, and it was shaken 
down. The surface was changed and springs broke out where there had been none before 
In 1901 a fissure opened in the road which crosses the branch fault just described. After 
each successive shake it is reported that the fissure opened anew, so that the road had 
to be repaired again in order to be passable. 

Upon the western side of the Cholame Valley, near its southern end, the main Rift 
again exhibits an interesting bluff which cuts off the ddbris fans of the back-lying hills. 
This bluff faces northeasterly. Where the Rift crosses the creek as it passes out of the 
Gholame Valley, a low escarpment was formed upon the west side which must for a time 
have dammed the creek and given rise to a lake. From the outlet of the Cholame Valley 
the Rift line can bo seen as it rises along the low idling hills, and disappears over their 
tops. It is marked by a distinctly steeper slope facing northwesterly, showing that an 
uplift of 30 to 50 feet took place upon the west side. The region traversed thru the 
Cholame Valley southeast to the Carissa Plain and for some miles beyond, exhibits no 
older formation than the Miocene Tertiary, the effects of older faulting, if such has 
occurred here, being masked by recent deposits. Continuing the examination toward 
the southeast, the writer came upon the Rift at the northern end of the Carissa Plain, 
4 miles northeast of Simmler P.0, and in direct lino with its course where last seen. 
Here the width of the broken country is much groatoi than usual, being nearly a mile. 
A number of linaa of displacement can be distinguished; some nearly obliterated, others 
comparatively fresh. Ibis is a region of light rainfall and of gentle, grass-covered slopes, 
presenting just such conditions as would preserve for hundreds of years the effects of 
moderate displacements. 

The Rift zone continues to be traceable along the western base of the Temblor Range, 
finally passing out on to the gently rolling surface of the eastern edgo of Carissa Plain. 
Broken and irregular slopes, cut-off ridges, blocked ravines, and hollows which are whito 
with aural™ deposits from standing water mark the Rift. Carissa Plain has a length of 
about 30 About halfway the Rift begins to be marked by a low and nearly oblit¬ 
erated bluff upon its northeastern wall This is at first little more than a succession of 
ridges or hills cut off on the side next to the level plains. These detached ridges finally 
become connected in a regular line of hills with a steep but deeply dissected dope toward 
the southwest and long gentle slopes toward the northeast. Ibis ridge is dearly a fault 
block, and now separates the southeastern arm of Carissa Plain from Elkhom Plain. It 
probably originated during some one of the earlier movements along the Rift; in fact, 
it is reasonable to suppose that it is of the same age as other important scarps which mark 
the Rift thruout its whole course, and which came into existence as a result of some 
mighty movement opening the earth for several hundred miles. 

Except for one slight bend, the ridge which we have been describing follows a straight 
course toward the southeast for a distance of nearly 20 miles, finally blending in a much 
larger mountain-like elevation. This has a height of perhaps 500 feet above the sink 
at its southern base. Its deeply dissected front is m line with the front of the ridge 
already described and the two appear to have originated together. The steeper face is 
deeply sculptured into gullies and sharp ridges, while the back dopes off gently toward 
the southern end of Elkhom Plain. Plainly visible along the steep front of the line of 
hills described are the lesser ridges and hollows produced during the last violent earth¬ 
quake in this region, probably in 1857. (Bee plate 21a, b, o.) 
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A gentle divide separates the southern end of the Carissa Plain from a long narrow 
sink extending along the Rift line toward the southeast. (Plate 21d } e, f ) This sink 
includes an area 6 miles long and in places its drainage is fully 3 miles wide Several 
deprest alkali flats, covered with water during the wet season, receive the scanty run-off 
of this dry region These depiessions are several hundred feet wide and are bordered 
upon opposite sides by quite sharp bluffs, in some places 100 feet high The phenomena 
suggest the sinking of long narrow blocks between two walls. This reach of 0 miles 
between the ranches of Job and Emerson is one of the most interesting areas examined. 
The larger scarps belong to some ancient disturbance, while the last one, probably dating 
from 1857, is marked by features comparatively insignificant. 

As we ascend the long grade from the sinks just desciibed, to Emerson’s place, near 
Pattiway P 0., the Rift features become smaller and less regular, altho easily followed. 
(See plate 23a.) At Emerson’s the Rift passes thru a Bag in the hills and across the 
head of Bitter Creek. It then rises and crosses a flat-topt hill between this creek and the 
west fork of Santiago Canyon; and descending to the east fork keeps along the steep 
mountain slope upon the south until it finally crosses the divide between San Emedio 
Mountain and Sawmill Mountain. Thru this section the Rift gradually bends toward 
the cast, and in Cuddy Canyon, farther east, it has an east and west direction for a 
few miles 

The Rift itself is scarcely distinguishable in Bitter Creek and Santiago Canyons, owing 
to steep slopes and rapid erosion, as well as numerous landslides. Santiago is one of the 
deepest and narrowest canyons in this portion of the mountains. Its whole southern 
slope, that traversed by the Rift, has been more or less affected by slides producing many 
little basins along the edge of the flat-topt divide between the drainago into the San 
Joaquin Valley and Cuyama River. Huge masses of earth and rock are still moving, 
as shown by fresh cracks and leaning trees In one place the edge of the divide has 
split away in such a manner as to produce long narrow lidges with depressions behind 
them, closely imitating the real Rift features Santiago Canyon marks a groat fault of 
earlier times. Soft Tertiary formations are faulted down thousands of feet upon the 
south side of the canyon, while upon the north appear the steep granitic dopes of the 
western spur of San Emedio Mountain. 

The Rift appears upon the north side of the pass which leads from Santlag n Canyon 
to San Emedio Canyon. Two lines of disturbance are here plainly visible. Going down 
the west branch of San Emedio Canyon, the Rift zone is plainly tiaceable, but nowhere 
does it form important features Passing to the east fork of the canyon, we 
on the line of the Rift to the divide leading over to Cuddy Valley. (See plate 22a ) 
Beginning upon the divide, a broad rounded ndge, fully 50 feet high upon its southern 
side, extends down the slope in a direction a little south of east. Cutting thru the center 
of this ridge longitudinally is a deep V-shaped depression, as tho a movement later than 
that which formed the ridge had opened a fissure thru its center. On the of the 
ndge, as well as the slopes of the fissure in it, large pine trees are growing in an undis¬ 
turbed condition Continuing down the ridge, we find that m the course of a ™i1p it 
gives place to an escarpment facing northeily. A valley 4 milaa long ».nH 0 5 TniU wide 
lies below the escarpment and contains meadows and a small lake without any outlet 
Springs mark the Rift line. The escarpment has been much eroded, but toward its 
eastern end it has a height of nearly 300 feet and is covered with a growth of pino trees 
among which are stumps of large dead trees in an undisturbed nwniKtifln . The valley 
and the bluff are doubtless the product of the earliest movement in the epoch of which 
we are treating. The last movement left a comparatively small ridge traceable here 
and there along the base of the greater. 

Continuing on tho line of the Rift, we enter and pass for 10 tnilqp down Cuddy Canyon. 
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(See plate 22b ) The fissure follows its northern, side for several miles and then, bending 
a little toward the Bouth, crosses the canyon and takes a course for Tojon Pass. The 
gianitic mountains upon the north of the canyon rise with exceedingly steep slopes, the 
rocks of which have been thoroly shattered. Immense quantities of rock dlbris have been 
brought down the gulches, building up in the main canyon a succession of large and steep 
dlhris fans. So much dfibns has been carried down the canyon that it has been blocked 
at the point where it turns toward old Fort Tcjon, and has thus given rise to Costae Lake. 
The Rift crosses the divide at tho gap known as Tcjon Pass. Hcic there are featuics due 
to two movements Descending a few hundred feet, wo find ourselves in a long valley, 
extending about 10 miles in a dncction a litilo south of cast SpnngB, marshes, and two 
ponds mark the hue of the Rift from Gorman Station casteily. (Plates 23b and 24a ) 

At Gorman Station, several miles below Gorman, there is a wonderfully regular ridge 
forming a marsh. In this vicinity tho earthquake of 1857 is reported to have done much 
damage, shaking down an adobe house and breaking up the road The little lake upon 
the divide halfway between Gorman Station and Nccnoch P 0 is duo to dfibris brought 
down from the hills upon the Bouth thru which the Rift zone passes. The Rift follows a 
very regular and straight course, a little south of cost, along the mountain dopes south 
of Antelope Valley Thru the most of the distance, as far as Palmdale, it occupies a 
senes of valleys shut off by considerable elevations from the open slopes of Antelope 
Valley After traversing the northern slopes of Libre and Sawmill Mountains, the Rift 
ciosses the head of Oak Grove Canyon, then another small canyon with branches east¬ 
ward and westward along the break, and eastward of this a long canyon opening out to 
the fertile valleys about Lake Elizabeth. 

Lake Elisabeth and Lower Lake (plate 24n) are both due to the blocking of the drain¬ 
age of two valleys extending along the Rift These valleys lie on tho slope of tho range 
toward the desert (Antelope Valley), but their outlet is southward by a narrow canyon 
thru tho heart of the mountains lying between the desert anil Santa Clara River. A 
low escarpment along the Bouthcm side of the valley in which Lake Elizaboth lies, and 
eastward, is replacod by a lofty rounded ridge which appears to bo due to some one of the 
movements along the old fault. For sovcral miles cbhL of the lake (plato 25a) the dis¬ 
tinctive and characteristic features of the Rift aro not as easily made out, altho the ridge 
just mentioned is full of springs and exhibits a widespread landslide topography. Toward 
the eastern end of this ndgo small hollows and a low, milibtinct cscaipmcnt again appear. 
Tho ridgo separates Leones Valley, a fertile ami woll-wnlcrod district 5 cr 0 miles long, 
from the open Mojave desert on the north 

From Leonas Valley to and beyond the point where the Rift zono crosses the Southern 
Pacific Railway, a constant succession of cicnogas is found on tlio upper side; that is, 
on tho side toward the mountains Movements have evidently been bo often repeated 
and so intense along the Rift as to grind up the rocks and produce an impervious clayey 
stratum, bringing to the surface the water percolating downward thru the gravels of 
the waste slopes. A mile west of Alpine Station on tho Southorn Pacific Railway, 
there begins another escarpment with its abrupt face toward the Bouth. This extends to 
and across the railroad. South of the escarpment the surface has sunk so os to form a 
basin. (Plates 25b and 26a ) This has been artificially enlarged and used as a reservoir 
for irrigation about Palmdale. The main escarpment is 40 to 50 feet high in places, 
and where the railroad crosses it there appear to be two, an older and a younger one. 
From the summit of the ridge marking the Rift west of Alpine, an extensive view east¬ 
ward is obtained. The long desert, waste plain leading up to the foot of the mountains 
on the south (San Gabriel Range) exhibits a strikingly interesting feature. It is not 
continuous across the line of the Rift, but shows a break with the uplift upon the lower 
side. The amount of displacement appears to be between 200 and 300 feet. 
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An extended study would be necessuy to determine in detail the geology of the Rift 
from Gorman Station eostw aid. Near Gorman a dike of basaltic or andesitic lava extends 
paiallel with it for Bomc distance. Gianitic rocks often foi m one side, while soft Tertiary 
beds of a light or reddish color frequently appear m the raised ridges Between Palm¬ 
dale and Big Rock Greek, low discontinuous ridges, spring!, and cicnegas point out the 
line of the Rift, altho there are stretches of several miles at a time where either the 
original displacement was not great or erosion has removed its effects Foui mill's 
west of Big Rock Greek there ib one fine escarpment 0 333 mile long and 40 feet high, 
facing the mountains on the south (Plate 27a ) In this section there arc indications 
of at least two movements. (See plate 26b ) The Rift passes just below Big Rock P 0. 
east of Big Reck; a trad on the northern dope of the mountains and a wagon road on 
the Bouthem side of the divide follow the Rift continuously to a point near the mouth of 
Cajon Canyon. On the north side of the mountains (San Gabriel Range) there is no im¬ 
portant depression on the Rift between Big Rock Greek and Swaitout Volley, never¬ 
theless the comparatively recent movements hare been of sufficient magnitude to produce 
ndges and hollows giving a continuous and easy route for the trad along the slope of the 
mountains 

Before reaching the divide leading over to Swartout Valley, we encounter Borne striking 
features. Near the head of Mescal Canyon a ridge has been split away from the mountain, 
diverting the little Bti earns from above and making two drainages where one would 
normally appear. In places this ndge (plate 27b) is as sharp and as perfect os tho formed 
but yesteiday, but the great pmo trees, growing upon its top and sides (tho altitude here 
being nearly 7,000 feet), tell us that it must be hundreds of years old. At the head of 
the canyon the trad leads thru a sharp V-shaped cut where the bare sliding surfaces 
make it appear as if movement had recently taken place m the Rift (See plato 28a.) 

Passing over a sag in the mountains to Swartout Valley, the Rift is less prominent 
os a topographic feature, but a line of BpnngB marks its course. Lone Pino Canyon 
is remarkable for its length and straightness. The Rift passes down its whole 
length but it is not very prominent Springs appear at several points, also small 
cienegas with a slight escarpment below thorn At the mouth of Lone Pmo Canyon and 
a little above its junction with the Cajon Canyon (plate 28b) are more mtcionting features 
Two lines of displacement appear here, and between them a long, narrow sunken block 
with a small lake m its lowest portion. (See plate 29a ) 

The line of disturbance now crosses Cajon Canyon, giving rise to broken and Rliding 
cliffs; and then, passing over a spin of the San Bernardino Range, comes out at its foot 
before reaching Cable Canyon. From this point the Rift continues on southeasterly at 
or near the junction of the gravel slopes of the San Bernaidino Valley and the Rtccp moun¬ 
tain slopes of crystalline rocks The uniformly stiaight course which the Rift exhibits in 
this portion of its length takes it diagonally across the mountains from the northern and 
desert side of the San Gabriel Range to the Bouthem side of the San Bernardino Range. 

The torrential sti earns emerging from the San Bernardino Range upon tho gravel slopos 
of the broad valley at its base hare cut wide flood plains in the ancient gravels which 
accumulated along the foot of the mountains The remaining portions of this old slope 
lying between the stream plains are called mesas Back of Devore Heights there appears 
a rounded ridge formed out of the mesa gravels. As we continue toward Cable Greek, 
springs and cienegas are found to be numerous just above it. East of Cable Creek the 
ridge becomes an escarpment facing the valley, and in places shows a height of about 75 
feet. Viewed in profile, this escarpment breaks the uniform slope of the gravels, 
almost reversing their slope on the upper side. On the west side of Devil Canyon there 
is a double escarpment m the gravels, both apparently being due to movements *irvng the 
Rift. (See plate 29b.) Back of the Muscupiabe Indian reservation and north of the 
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Asylum, there is a much dissected fault cliff 200 to 300 feet in height Plainly traceable 
m the front of this diff is a small bicak, possibly made in 1857. No definite information 
could be gained as to whether the earth opened heic at that time, but reports say the 
earthquake was vay severo, throwing nnimalB from their feet, etc. 

East of City Creek begins a huge loundod ridge formed in the mesa gravels, and this 
can bo traced nearly to Plunge Creek. This ndge is 150 feet wide and steeper upon its 
upper side, whcie the greatest displacement shown is about 40 feet. Tho structure and 
shape of the gravel ndge make it appear likely that faulting and folding were both con¬ 
cerned in its making Above this ndge and at the highest point where it crosses the mesa, 
water is obtained in abundance for irrigation at a depth of 18 to 20 feet, while in tho 
mesa below the ridge no water is found at a depth of 200 feet. 

The Santa Ana River has cut out a wide stretch of the mesa gravels, and has exposed 
upon its eastern bonk a good section of these gravels The gravels at their upper edge 
do not lap over the crystalline rocks but appear faulted down against them. A 0 25 mile 
below the fault is the mouth of Morton Canyon, the stream issuing thru a long, narrow 
canyon eroded in the mesa gravels. Morton Canyon emerges from the stoop mountains 
about 2 miles to the southeast and has taken this peculiar course thru the gravels to the 
Santa Ana River, instead of flowing directly down across them, as do all tho other streams. 
Tho explanation of the turning to the noithwcst of this canyon at the point where it 
moots the gravels is found m the peculiar appearance of tho gravel slope when viewed in 
piofilo This, instead of rising with normal slopo, becomes steeper toward tho upper edge, 
and then descends abruptly to Morton Canyon. The movement on tho Rift has broken 
ami liftod up the gravels to such on extent that the waters of Morton Canyon were 
diverted and turned down to the Santa Ana River along tho upper side of tho ndgo Since 
this displacement took place, they have had time to cut the canyon in which they are 
now flowing. Southeast of tho point where the Rift crosses Mill Greek, the peculiar topo¬ 
graphic features which have characterised it for so many nulcs become very indistinct. 
It was at first thought that tho Rift terminated in this vicinity but closer examination 
made it dear that such is not the case. 

The southern portion of the San Bernardino Range lying between Mill Creek and the 
Conchilla Desert appears to have undergone great disturbance at a recent date As a 
consequence, orosion has bean rapid and extensive, and surface features which farther 
north made the Rift easy to follow have in this rogion boon almost completely obliteiatcd. 
Potato Canyon extends along the lino of the Rift to the southeast of Mill Crook. Its 
features indicate that the history of the fault is a complex one. Tho canyon originated 
thru erosion upon the fault contact between the crystalline rocks of tho San Bernardino 
Range and the older Fleistocone deposits along its base. Following this period of ero¬ 
sion was one in which gravels were again deposited and this was succeeded by the present 
period in which erosion is active. Potato Canyon is the last of the longitudinal depres¬ 
sions of any sue marking the line of the Rift. Between its head and the desert to the 
southeast the "m'n drainage features pay little attention to the structural conditions, 
because of the steep grades of the stream channels and consequent rapid erosion. Never¬ 
theless «nidl lateral canyons have been formed along the fault contact of the gravels 
with the crystalline rocks of the higher portion of the San Bernardino Range, so that from 
the proper viewpoint the fault line can generally be traced in the topography. The 
drainage of Potato Canyon is clearly influenced by the fault, for instead of there being one 
stream course in it, there are two — one upon each side. 

A will« southeast of Oak Glen, which is at the head of Potato Canyon, there are large 
springs which issue upon the line of the fault. Near this point a depression appears upon 
a gravel ridge, where it meets the crystalline rocks. The depression is in line with the 
course of the fault, and may with reason be attributed to dislocations similar to those so 
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deal farther north Two miles southeast of Oak Glen is Fine Bench f a mesa-like i iMiiuant 
of gravel having an devation of about 5 f 000 feet At the northern edge of this mesa, 
and upon the line of the fault f thoie is a legular escarpment facing the higher mountains. 
It is most reasonable to interpret this as indication of the same displacement lcferred 
to previously 

To the east of the San Gorgomo River, the topography as shown upon the San Gorgomo 
quadrangle gives little indication of the presence of an important fault-line However, 
an examination of Potrero Greek shows small transverse canyons and one broad, grassy 
flat with springs upon the line of the fadt In Stubby Canyon and othci small canyons 
north of Cabazon Station, the fault is finely shown Here, as at the point where tlie Santa 
Ana River issues fiom the mountains, the older Pleistocene gravels have been faulted 
down against the crystalline rocks Rapid erosion of both the Pleistocene deposits and 
the crystalline rocks has given rise to steep and precipitous slopes in this section, and 
upon these the fault is dearly shown. The schists and gneisses thru a width of hundreds 
of feet adjoining the fault have been so crusht by pressure and movement that they quickly 
crumble upon exposure. Dark clay maiks the plane of movement which inclines to the 
north at an angle of about 80 degrees. Later than the period of main faulting has come 
an elevation of the range as a whole, giving rise to rapid erosion upon both sides of the 
line of fracture. Remnants of gravel mesas and mature topographic forms appear m 
places. A notable example of an area of old topographic features now being destroyed 
by the modem canyons is shown to the west of Stubby Canyon and 1,000 feet above it 

There are traces hero and there of recent displacements along the Rift These aic 
of the nature of little sags without outlets and low ridges or escarpments not oamly 
explainable as a product of oidinary erosion These may have arisen as the product of 
landslides, but the landslides themselves are doubtless related to fault movements The 
great d£hns fans built up along the north side of San Gorgomo Pass indicate rapid 
removal of a vast amount of rock material from the adjoining slopes of the Ma n 
Bernardino Range consequent upon recant uplift. 

Before investigating this region it was thought that the Rift, if it continued on south¬ 
easterly, would be found grossing the San Gargonio Pass m the neighborhood of Cabazon 
and sk i r ti n g the eastern base of the San Jacinto Range; but this proved not to bo the 
case. Instead, it was found to turn more and more easterly and finally to extend parallel 
with the pass without reaching it. The course of the Rift, then, instead of being in the 
direction of the Sallon Sink, is toward the Conchilla Desert north of Palm Spring Station. 

Looking east from a point near the mouth of Stubby Canyon, the gravel mesa thru 
which the Whitewater River issues from the mmiTit MnH, appears to be faulted upward, 
giving rise to a well-defined escarpment facing north toward the crystalline rocks. This 
northward facing escarpment accords in relative position with the traces of escarpments 
farther north near Oak Glen, and shows that the latest diaplaiwmawt has boon the reverse 
of the earlier. The last seen of the Rift is in the sides of the Whitewater Canyon, where 
the gravels are faulted down against the crystallines. East of the Whitewater one enters 
upon the Oonchilla Desert over which has been spread the wash of Miwmnm Greek. For a 
dis t ance of 6 or 8 miles, and perhaps much more, the bedrock is completely buried by 
the recent accumulations. 

The San Bernardino Range rapidly decreases in height to the southeast of Mmainn Greek, 
but appears to be continuous with the desert range lying north of the Salton Th«‘n The 


a mine or less continuous line of barren yellow hills farmed of soft late Tertiary rocks 
Judging from a cursory exa m i nation , these yellow hills are separated from the higher 
mou nta i n s behind by a structural break indicated by a series of longitudinal valleys. 
A prolongation in a northwesterly direction of the supposed f«il* liw« by these 
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valleys would cairy it into the San Bernardino Range at the point where Mission Greek 
emerges upon the wash plain Contmuing still farther northwest, we follow a marked 
topographic break which leads across the southern slope of San Gorgonio Peak to the 
head of Mill Check It is very probable that the great fault followed so tar joins the 
above fault-line at some point easterly from Palm Spring Station, altho the many miles 
of gravd-covcrod desert makes a positive statement impossible with present knowledge 

An examination of the northerly and easterly base of San Jacinto shows conditions 
opposite to those characterising the southern slope of the San Bernardino Range. Ero¬ 
sion is generally slow upon the slopes ot San Jacinto, while the iapid erosion from the 
opposite side of San Gorgonio PobS has crowded the stream channels close to the base of 
the former rango In fact, the base of the San Jacinto Range appears to be deeply buned 
by the stream deposits The desert face of Son Jacmto lias long been free from disturb¬ 
ances Long, jogged ridges projoct out into Iho desert, while the intervening canyons, 
instead of furnishing material for extensive dfibna fans, aic floored by accumulations 
cliaractiensUc of the desert as a whole. 

Toward the southern end of that spur of the San Jacmto Mountains which projects into 
tlic Colorado Deceit and is known as the Santa Rosa Mountains, the d£bns fans are larger 
and remains of gravel deposits appear high up on the sides of the mountains. The only 
suggestion that a fault traverses the Salton Basin in the direction of the mouth of the 
Colorado is the presence of mud volcanoes and several small pumiceous eruptions near 
tlic center of the baam. These are, however, so far removed from any known fractures 
in tlio crust that their evidence is of little value. Besides, it is entirely possible that the 
mud volcanoes may be due to chemical action in the deeply buried sodiments of the Colo¬ 
rado dolta. 

It may be reasonably assumed, then, from our best knowledge, that the southern end 
of the great Rift is to bo tracod for an unknown distance along the base of the mountains 
bordering Iho Salton Basin upon the northeast, in all probability gradually dying out 

SAN JACINTO FAULT. 

The San Jacinto fault (plate 30), with which there has been associated at least one 
severe oaithquakc since tlic region lias been known, has a length of at least 75 mi l e s. 
The couno of tlio fault u northwest and southeast, and it u marked by canyons or steep 
nir>nnin.in flflflrpa nearly its whole length Tho fault first appears upon the south m the 
form of a regular wmnriijun wall ifinlrwing the north end of Bongo Valley. The latter 
ih a western aim of the Colorado Dosert lying between the Santa Rosa Mountains and the 
mam watarahod of the Poninsular Rango At the northern end of Borego Valley beds 
of lato Tertiary ago appear faulted down upon tho southwest side of the mountain wall 
referred to. The peculiar topographic features of this fault-block ndge, and the presence 
of gravds along portions of its summit, make it appear of recent origin Northwest of 
Borego Valley tho canyons entering Coyote Creek have brought down immense quantities 
of rock d6bns, a fact which indicates recent disturbance along their headwaters. Ter- 
williger Valley farind— a broad expanse of country of low relief upon the summit of the 
rango between San Jacinto and Borego Valley A portion of the valley is scarcely drained 
at present, having apparently undergone some subsidence next to the faultrline which 
forms tho southern face of Mount Thomas 

In a northwesterly direction, the fault can be traced in continuous mountain scarp 
or canyon until within about 8 miles of tho town of San Jacinto. A broad valley mter- 
venea until we get north of the town, when a mountain wall commences a gai n , and extends 
for many miles m the direction of Colton. Reports state that the San Jacinto earthquake 
of 1899 was severe along the line of the fault thus traced. Great masses of rode are 
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reported to have been thrown down in Palm Canyon, which issues from San Ysidro Moun¬ 
tain Ten miles southeast of San Jacinto, on the line of the fault, it is said that a con¬ 
siderable aiea of lmd sank with formation of open fissures. Upon the Coahuila Indian 
Reservation, adobe buildings were thrown down and much damage was done in the 
town of San Jacinto 

The regular mountain wall facing southwest and extending northwest from San Jacinto 
appears to be older than that toward the southern end of the fault. Mineral springs 
occur near 01 on this line, and the marshy area at the point where the San Jacinto River 
ceases following this fault-scarp and turns toward the southwest suggests very strongly a 
subsidence. 


REVIEW OF SALIENT FEATURES. 

It will be of advantage briefly to review the salient features of the San Andreas Rift, 
in the light of the facts presented in the foregoing detailed description of its extent and 
character, and of other facts to which attention will be directed 

The San Andreas Rift has been traced with three interruptions fiom a point m Hum¬ 
boldt County, between Point Dolgada and Funta Garda, to the north end of the Colorado 
Deseit, a distance of over 600 miles These three interruptions are The stretch between 
Shelter Cove and the mouth of Alder Creek, where for a distance of about 72 statute miles 
it traverses the bottom of the Pacific Ocean, the stretch from the vicinity of Fort Ross 
to Bodega Head, where for 13 miles it is similarly on the ocean bottom, and the stretch 
from Bolinas Lagoon to Mussel Rock, where it lies beneath the Gulf of the Faralloncs for 
about 19 miles. Of these interruptions only the first involves any doubt as to the con¬ 
tinuity of the feature, and this doubt is m large measure removed by the evidence cited 
hereafter as to the position of the trace of the fault of April 18,1906. 

Thruout its extent the Rift presents a variable relation to the major gcomorphic fea¬ 
tures of the region traversed by it In Humboldt County it lies within the mountainous 
tract inland from the coast but to the seaward side of the higher land From Shelter 
Cove to Aldei Greek it lies to the west cf a steep, terraced, coastal slope From Alder 
Greek to Fort Ross, it finds its expression in a series of rectilinear, sharply incised volleys, 
the aluiement of which converges upon the coast line to the south at a very acute angle. 
But near Fort Ross the Rift, without deviation of its general trend, crosses the divide 
to the coastal side of the ridge which separates these valleys from the ocean, and traverses 
the terraced coastal slope. Beyond Fort Ross it again lies to the west of a steep coastal 
slope. From Bodega Head to Bolinas Lagoon the Rift is a remarkably pronounced 
depression, lying between the main coastal slope and the rather high and precipitous 
easterly side of the Point Reyes Peninsula About 0 6 of this depression is below sea- 
level, forming Tomales and Bodega Bays This defile is one of the most remarkable and 
interesting phases of the Rift It has been a line of repeated faulting in past goolngip-gl 
time, and evidently separates a well-marked and probably relatively mobile crustal 
block from the main continental land mass 

South of Mussel Rock the Rift traverses for a few miles a rolling upland, marked by 
ponds and did scarps, but with no very marked contrast in relief, and than passes into 
the very marked and rectilinear San Andreaa Valley, along the base of the northeast fl«nk 
of the Santa Crus Range. From here to the gap at Wright Station it lies along the base 
of the range at a distance nowhere greater than 2 miles from the crest Passing thru the 
gap at Wright, it crosses from the northeast flank of the range to the southwest flank. 
Similarly passing thru the gap between the Santa Crus and Gavilan Ranges at Chitten¬ 
den, it is again found on the northeast flank of the latter. In effecting this last-mentioned 
change of position relatively to the mountain crests, a distinct deviation in the trend of 
the Rift is observable (see map No. 5) as if the path of the Rift itself to 



THE SAN ANDREAS RIFT AS A GEOMORPIIIC FEATURE. 


49 


the mass of the mountain blocks Farther south, near Bittcrwatcr, the Rift leaves the 
northeast flank of the Gavilon, and lies along the southwest base of a Rtraight nilgo of the 
Mount Hamilton Range. Still farther south in Cliolamc Volley it follows the northeast 
baso of the ridgo which separates Cholamc Valley Irani San Juan Valley In the nm-imm 
Plain it hugs the southwest flank of the Temblor Range But the most noticeable rever¬ 
sal of the relative position of tlic Rift to the adjacent mountain slopes is beyond Tcjon 
Pass. From Tejon Pom to near Cajon Pass, the Rift lies along the steep northcily flank 
of the San Rafael and San Gabriel Ranges, on the southern edgo of Mojave Doncrt; but 
at Cajon Pass it passes thru between the San Gabriel and San Bernardino Ranges, and 
thence easterly lies on the south Bide of llic lattor range. Tlius from the San Francisco 
Peninsula to its Bouthoi n end, so for as the extent of the Rift is at present known, there is 
a fairly regular and rather remarkable alternation of the relative positions of the Rift 
and the mountains adjacent to it. 

The Rift as a whole, when plotted upon a genoi'al map of the state on a scale of about 
XTTfftnnnj-i appears os a sensibly oven line with marked curvature, convex toward the 
Pacific. This cmvature is for the most port due to change in the course of the Rift be¬ 
tween tho southern end of Carissa Plain and Tcjon Pass In this segment of its course its 
trend changes from about S. 40° E, along the edgo of Carissa Flam to S 05° to 70° E, 
along the southern edge of the Mojave Dcscib, the change being gradual ami distributed 
over on arc about 40 miles in length. The general cmvature is also accentuated by the 
change in course between Point Arana and Slid tor Cove, on the assumption of continuity 
between theso points If, however, wo take the segment of the Rift between Point Arena 
and the south end of Carissa Plain, the curvature is very much less marked; and its path 
on the small scale map referred to approximates a straight lino. The curvature is dis¬ 
tinct, however, and, os m tho general case, is convex to the Pacific. The chord of the aio 
found by Btretching a line fiom the south end of Gaiihba Plain to the mouth of Alder 
Creek has a bounng of about N. 40° W. and a length of about 300 miles The point on 
the arc most distant from this chord is on a normal to tho lattor thru San Jose, tho 
distance bemg about 15 miles. 

When the Rift is plotted on larger scale maps (see maps Nos 2, 4, 5, 21, and 23), it 
becomes apparent that the course of the Rift is not a smooth uniform curve, but is charac¬ 
terised by several minor curvatures in opposing directions In beating tluwc cuivcs, 
advantage is taken of the fault-trace, as far as it extondu, as a sharp line within the Rift 
indicating itB mean trend at any point on its course Theso curvatures arc most interest¬ 
ing features on a line of disstrophic movement, wlicrc that movement may be, as it was 
on Aprd 18, 1900, cssontiolly horizontal on a nearly vertical plane or zone. 

The most northerly curvature suscoptibb of mcasiucmcnt is that shown by tho seg¬ 
ment of the Rift between the mouth of Alder Creek and Foi L Ross Tlic line connecting 
the two ends of this segment, at the points wharo it intersects the shore line, is a little 
more than 43 miles in length, and has a bearing N. 37° W The Rift, as locatod for this 
purpose by the fault-trace, liis wholly on the southwest sub of thb chord. Tlic bearing 
of the fault-trace at the mouth of Alder Grcok, where it converges upon the chord, is 
N 30° W, and at Fort Ross its bearing b N 40° W Tho fault-trace is at its maximum 
distance from the chord about the midrib of thb segment, the distance being about 0 75 
mile, and here the bearing of the Rift b sensibly the same as that of the choid, N 37° W. 
Between Fort Ross and Bodega Head, where the Rift passes under the Pacific, there is 
probably a slight reversal of this cmvature, since, if the course of the iault-tracc at Fort 
Ross were continued, even as a straight line, it would pass to the eastward of the point 
where it actually intersects the neck of the headland This slight concavity to tho south¬ 
west probably extends as far os the mouth of Tomalcs Bay. From Bodoga Hand south 
thru Tomaies Bay tc Bolinas Bay, the course of the Rift as a large geomorphio feature is 
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practically straight, with a bearing of N. 37° W., for 35 miles; but there are alight cuiva- 
turea in the fault-trace within the Rift For example, the fault-trace, in its path thru 
Tomales Bay, must be slightly convex to the southwest to dear the little headlands on 
the northeast side of the bay, as it apparently does. There is a similar slight con¬ 
vexity to the southwest between the head of Tomales Bay and Bolinas Bay. The com¬ 
plementary concavity between these two convexities is near the head of Tomales Bay. 

Between Mussel Rock and San Andreas dam, the fault-trace has a slight concavity 
to the southwest The projection of its course seaward from Mussel Rock would 
not meet the southward projection of the fault-trace from Bolinas There can be little 
question as to the continuity of the fault-trace across the Gulf of tlie Farallones; and its 
path on the bottom of the Gulf must, therefore, take the form of a very flat sigmoid curve, 
with a slight concavity to the southwest in the Bolinas moiety of the submarine segment 
and a corresponding convexity at the MuBsd Rock end. Between San Andreas dam and 
Chittenden, the fault-trace indicates a pronounced curvature in the general trend of the 
Rift. The choid between these two points is about 55 miles in length and bears N. 44° 
W. The fault-trace lies wholly to the southwest of this line, with convexity toward the 
Pacific. The point on the curve most distant from the chord is about its middle part, 
the distance being about 2 25 miles On this segment of the Rift there is locally a rather 
abrupt reversal of the curve, south of Black Mountain, which is best seen an map No. 22 

Between Chittenden and a point near Priest Valley there is another pronounced curva¬ 
ture in the general course of the Rift, where it passes over to the northeast 0 f the 
Gavilan Range. Here the curvature is concave toward the southwest. The chord is 
60 miles long, and bean, as before, N 44° W., and the Rift lies wholly on the northeast 
side The point an it most distant from the chord is tiam-t the middle of the segment, 
and the distance is 2.4 miles. FromPriest Valley to the south end of CSanssa Plain, the Rift 
is nearly straight, but with minor curvatures which can not be more particularly defined, 
owing to the absence of good maps. The general bearing for this segment is about 
N. 40° W. 

The marked curvature between the south end of Carissa Plain and Tejon Pass has 
already been noted. From the latter place to the north end of the Colorado Desert, beyond 
which the Rift has not been traced, there are numerous curvatures in the course of the 
Rift; but since the Rift far this segment is indicated on maps Nos. 6 to 15 on a scale of 
1 or 2 miles to the inch, it will be unnecessary to do more tha-n refer to these mapa for 
their characterisation. The general course of the Rift in this region is a flat curve con¬ 
cave to the south-southwest. 

It thus appears that the Rift, as a whole, has a curved course convex to the Pacific; 
and that this general curvature is characterised by a succession of slightly curved, rather 
than straight, segments. The amount of the curvature, as it appears upon the maps, is 
determined to some slight extent by the character of the projection. But the general 
conclusion above reached without quantitative expression is independent of the projection 
adopted for the maps. 

A most interesting general feature of the Rift is in relation to the granitic rocks of the 
Coast Ranges. The granites of the southern Sierra Nevada pass into the Coast 
in the vicinity of Tejon Pass, and extend thence in a senes of more or but 

discrete areas thru the Santa Lucia, Gavilan, and Santa Crus Ranges, and beyond the 
Golden Gate to Point Reyes Peninsula and Bodega Head. From the southern end of 
Carissa Plain to Bodega Head, this granite lies wholly to the southwest of the Rift. 
At one point in the Rift, however, m Nelson Canyon, Fairbanks hm found granite 
exposed on the northeast side of an old fault having a downthrow on the southwest. 
Southward it passes into a region where granitic rocks prevail on both sides of the Rift. 
The Rift in the Coast Ranges thus appears to serve as a line of tiwrmrhitinTi between two 
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somewhat contrasted geological provinces; one in which gram tic rocks are extensive and 
important features, and the other in which granitic terrenes are wanting. This fact 
further suggests that the two provinces will be found to bo contrasted in other respects 
when the details of the Coast Range geology are better known. The general fact is indic¬ 
ative of relatively greater uplift on the southwest side of the Rift, and consequently 
deeper danudation, whereby the rocks of the granitic complex have been stript of their 
covering and so oxposed to view. In that portion of the Coast Ranges south of the Bay 
of Monterey, the Santa Lucia Range along the coast is much higher than any of the other 
ranges which intervene between it and the great valley. 

In a discussion of the Rift as a gcomorphic feature, it becomes a matter of interest to 
determine the relative importance of diastrophism and erosion in its evolution There 
can bo no doubt that where the Rift is coincident with pronounced longitudinal valleys, 
the latter, altho controlled as to orientation by the faulting along the Rift, owe their 
features in a large measure to erosion This is true, for example, of the valleys of the 
Garcia and Guakla Rivers and the San Andreas Valley It is not so dear, however, as 
regards the depression between Point Reyes Peninsula and the mainland. It lias been 
pointed out that m past geological time there has been a recurrence of faults with largo 
vertical displacement on this portion of the Rift, dating back to pre-Miocene time and 
possibly to the Gretacoous; arid it may be that here the depression is essentially dias- 
trophic in origin and only modified to a minor degree by erosion; similarly with some of 
the vaUoys along the Rift, and oxtending from it in the Southern Coast Ranges The 
Cholamo Valley and the valley of Corona Plain may be essentially diastrophio in origin, 
modified by erosions! degradation on their sides and by aggradation of their bottoms. 
The depressions which constitute llio Rift along the southern margin of Mojavo Desert 
appear to be practically wholly diastrophio, altho somewhat aggraded. Where the Rift 
hugs the steep northeast flank of the Santa Crus Range as far as Wiight Station, and the 
similarly stoop southwest flank of the same range from Wright to Chittenden, it is difficult 
to avoid the conclusion that theso steep mountain flanks are in roohly dogradod fault- 
scarps, and are, therefore, the walls proper of a great asymmetric Rift valley. The some 
conclusion applies to the steep north flank of the San Rafael and San Gabriel Ranges, on 
the south side of Mojave Desert. The complete discrimination of effects of diastrophism 
mid erosion in the larger features of the relief associated with the Rift will require many 
years of patient field work. 

With regard to the minor features which characterise the Rift in detail, thruout its 
extent, the discrimination is dilficult chiofly booause the diastrophic effects are of 
comparatively recent date and their distinctive features are not yet obliterated by the 
ravages of erosion. These consist chiefly of scarps, low ridges, and sinks or ponds. 
In many cases it is apparent that both erosion and aggradation are controlled by those 
minor features, and that the latter tend to become obliterated. These minor scarps, 
ridges, mid Mfilw are not referable to any single earth-movement, but are referable to 
a recurrence of movement on the same goneral line. In the southern Coast Ranges the 
observations of Fairbanks show that one of these movements was of exceptional impor¬ 
tance. By it displacements mid disturbances of the surface were effected which dwarf 
all wwiflar events in historic times. Far miles at a stretch the earth, upon one side or 
the other of the fault line, sank, giving rise to boons and to cliffs 300 to 400 feet high. 
These features, in the opinion of Fairbanks, who personally examined them, were the 
result of one movement. This displacement probably occurred not less than 1,000 years 
ago. It is certainly older +.ha.n the great trees growing upon the ridges and hollows 
formed by it. Since then it is probable that numerous displacements of less extent have 
fftirum pla ce , but the geomorphio effects of the amallar movements have, in some consider¬ 
able measure, been Since the settlement of the state, the strain in the earth’s 
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crust has continued to manifest itself, and seveial slight movements have been observed 
by residents of the country. In 1857 there was a movement extending from Ran Benito 
County probably as far as San Bernardino Valley. The earthquake caused by this 
movement was not less severe than that of 1006, but we have unfortunately no measure 
of the extent or direction of the displacement In this southern legion dcsciibcd by 
Fairbanks, the displacements, even from the first, do not appear to have been of such a 
nature as to give use to a continuous cliff or scarp upon either side of tlic fault, and this 
observation is generally tiue thruout the Rift In one place the scarp faces southwest, 
in another northeast. In other places the veitical displacement has been very small 
and the scarps correspondingly insignificant In several places, as, for example, at Fart 
Ross and between Mussel Rock and San Andreas Lake, displacements have occurred on 
subparallel lines, giving rise to opposing scarps, as if a wedge of ground, pci haps several 
hundred feet across, had dropt in. In such depressions he the sinks, but the latter are 
more commonly foimed by a low scarp facing up a slope, or by a riclge of surface com¬ 
pression formed across the path of the diainage from a slope. They have also been farmed 
by landslides, which have shown little tendency to move save under seismic impulse 

It remains to call attention, m a word, to the alincment of the Rift with certain of the 
larger continental features The Rift is known from Humboldt County to the north 
end of the Colorado Desert As a line of small displacements it has not been traced 
farther; and in the usage of the term it has been understood as terminating at the point 
where it eluded field observation But it is by no means certain that, as a larger feature, 
it does not extend far to the south The Colorado Desert and its continuation in tho 
Gulf of California are certainly diastrophio depressions, and may with much plausibdity 
be regarded as a great Rift valley of even greater magnitude than the now famous African 
prototype first recognized by Suess This great depression lies between the Peninsula 
of Lower California and the Mexican Plateau All three of these features find tlioir 
counterpart in southern Mexico The Sierra Madre del Sur is the analogue of the penin¬ 
sular ridge, it lies on the line of its prolongation, and is similarly constituted geologically. 
Inside of this range, and between it and the edge of the Mexican Plateau, is a pronounced 
valley system which is the analogue of the Gulf of California. 

On this valley-line lies the deprest region about Salma Cruz, well known to be subject 
to repeated seismic disturbances On the same general line lies Chilpancingo, the scat 
of the recent disastrous Mexican earthquake. Following these great structural lines 
southward, they take on a more and more latitudinal trend, and beyond Solina Crus 
the geological structure indicates that this seismic belt crosses the slate of Chiapas and 
Guatemala, to the Atlantic Bide cf Central America with an cast and west trend, and 
falls into almement with Jamaica It thus seems not improbable that the threo great 
earthquakes of California, Chilpancingo, and Jamaica may be on the soisnuc hue 
which is known in California os the San Andieas Rift. 
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THE FAULT-TRACE 

The successive movements which in the post have given i iso to the peculiar gcomorphic 
features of the Rift, either directly or by control of erosion, have with little question 
been attended in every cose by an earthquake of greater or loss violence. The earth¬ 
quake of April 18, 1900, was duo to a recurrence of movement along this line. The 
movement on that day was of the nature of a horizontal displacement on on approxi¬ 
mately vertical fault plane or zone, whereby the country on the southwest side was 
moved to the northwest and the country on the northeast side to the southeast. ThiB 
displacement was manifested at the surface by the dislocation and offsetting of fences, 
roads, dams, bridges, rodwnys, tunnels, pipes, and other structures which crost the line 
of the fault The surfaoo of the giound was tom and heaved in furrow-like ridges 
Where the surface consisted of grass sword, this was usually found to be traversod by 
a netwoik of rupture lines diagonal in their orientation to the general trend of the fault. 
Small streams flowing transverse to the line of the fault had their tranches dislocated 
so that their waters became impounded. Theso and similar phenomena of disruption 
constitute the favllrlrace. 

The width of the zone of surface rupturing varied usually from a few feet up to 50 feet 
or marc. Not uncommonly there were auxiliary cracks either branching from the main 
fault-trace obliquely far a few hundred feet or yards, or lying subparalld to it and not, 
so far as disturbance of the soil indicated, diicctly connected with it. Where theso 
auxiliary crackB weic features of the fault-trace, the zone of Rurfaco disturbance which 
included them frequently had a width of several hundred feet. The displacement appears 
thus not always to have been confined to a single hno of rupture, but to liavc been dis¬ 
tributed over a zone of varying width. Generally, however, the greater part of the 
dislocation within this zone was confined to the main hno of rupture, usually marked by 
a narrow ridge of heaved and tom sod 

The amount of the horizontal displacement, os measured on dislocated fences, roads, 
etc, at numerous points along the fault-trace, was commonly from 8 to 15 feet In some 
places it exceeded thiB and at one place it was as much as 21 feet Toward the south 
ond of the fault the amount of displacement was notably less and finally became inap¬ 
preciable. Nearly all attempts at the measurement of the displacement weic concerned 
with horizontal offsets on fences, roads, and other surface structures at the pomt of their 
intersection by the principal rupture plane, and ignore far the moBt part any displace¬ 
ment that may be distributed on oithcr side of this in the zone of movement The 
figures thus obtained may, therefore, in general be considered as representing a minimum 
for the amount of differential movement. In one or two cases, however, when the dis¬ 
placement has been measured on soft ground subject to slumping, and the measured 
offset is ki ghar than usual, the results may be in excess of the true crustal displacement 

RfiaiHpa this Vipwitnntii.1 displacement of the crust, there was also, particularly in the 
region north of the Golden Gate, a distinct uplift of the country to the southwest of the 
Rift, relatively to that on the northeast. This differential vertical movement was made 

08 
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manifest by the appearance of low, abrupt fault-scarps, ranging from less than a foot up 
to 3 feet. Many of these occurred along the slope of somewhat degraded fault-scarps 
due to former movements, and served to revivify them. In other cases the new scaips 
have been developed on slopes where no trace of a previous scarp can be detected. The 
low scarp which was formed on April 18 is by no means a continuous feature, but appears 
at a great many places not widely spaced along the fault-trace, extending often for hun¬ 
dreds of yards at a stretch, with intervals where no abrupt scarp can be detected. In 
the latter places it is probable that the differential vertical movement has been distributed 
over a zone of some width, undeilain by formations in which the deeper seated fracture 
would be taken up by plastic defamation. The scarp almost invariably faces the north¬ 
east, but a few cases have been noted in which a fresh scarp on the fault-trace faced tho 
southwest far a short distance. These will be mentioned more particulaily in the detailed 
descriptions which follow. Associated with the fault-trace, it is quite common to find 
secondary or induced movements of the soil, particulaily on steep slopes These partake 
of the nature of landslides, and very commonly exhibit the characteristic landslide scarp. 
This is usually, however, easy to distinguish from the scarp an the fault proper, or on tho 
auxiliary cracks, since it lacks evidence of horizontal displacement, and the broken sod 
is not traversed by diagonal, torsional cracks 

The differential displacement of the earth’s crust above indicated occurred only on 
the northern portion of the Rift. South of San Juan, in Benito County, there is no indi¬ 
cation along the Rift in the shape of rupture of the soil, or the dislocation of tiansverso 
structures, which points to the displacement of the underlying formations. It is not, 
however, to be certainly inferred from this that theie was no deep-seated rupture south 
of that point. Many earthquakes are known which are referable to sudden slips in the 
earth’s crust for which there is no corresponding rupture at the surface. It is probable 
that the slip, which is so manifest as a surface rupture to the north of San Juan, was 
continued as a subsw face movement for many miles south of point. 

North of San Juan the displacement on the fault-trace has been followed practically 
continuously to a point on the northern coast of California a little beyond Point Arena, 
a distance of 190 miles. At this point the fault-trace as a continuous feature passes out 
to sea, and the evidence of displacement is lost. At Shelter Cove, in southern Humboldt 
County, however, where as previously stated the Rift features appear again, evidonco of 
displacement due to movement on April 18 is also found. The doubt as to whether 
the Rift in Humboldt County is continuous with that which leaves the coast noa r Point 
Arena, of course also applies to the question of the continuity of the rupture on the day 
of the earthquake. If we assume that the line of rupture is continuous thruout, its 
full extent from San Juan to Telegraph Hill is about 270 miina 

Beginning with southern Humboldt County, a somewhat detailed account will now be 
given of the phenomena of the displacement which occurred on April 18, 1900. 

HUMBOLDT COUNTY. 

We are indebted to the observations of Mr. P E. Matthes for our knowledge of tho 
facts concerning the portion of the coast from Shelter Cove northward. The low 
h eadland north of Shelter Cove, known as Point Delgado, is traversed by several fissures 
trending roughly parallel with the general sweep of the coast and presenting essentially 
the same surface appearance as the fault fractures observed in Sonoma and 
Counties While it has been found impracticable to demonstrate by actual measurement 
the existence of a horizontal displacement along any of Him* new fissures —in the 
absence of fences or other objects of sufficiently defined outline—yet it has 
warranted to regard them as true fault or shear fractures, to be classed in the same 
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category with those found farther south, merely on the strength of their superficial 
resemblance. 

The effects of a haruontal shear on thick gross sod in open country, as observed in a 
number of localities along the zone of faulting m Sonoma and Mendocino Counties, are 
as follows On fairly level ground, where conditions are simplest and no vertical move¬ 
ment is evident, the sod is tom and broken into urogular flakes, twisted out ot place and 
often thrust up against or over each other The surface is thus disturbed over a narrow 
belt, whose width apparently vanes with the magnitude of the displacement Along 
the mam fault, where tho throw amounts to 10 feet or more, a width of 5 or 0 feet is not 
uncommon; on tho secondary fractures, where the thiow docs not exceed a foot, the belt 
is generally only a foot wide. Whatever tho width of the belt, the sod within it, os well 
as tho unconsolidated material underneath, appeals loosened up and not compact It 
consequently takes up maro space than before it was disturbed, and tho surface of tho 
belt is therefore slightly laiscd abovo the level of tho ground, from an inch to a foot or 
more, according to the magnitude of the disturbance Within such a belt there is sel¬ 
dom, if ever, a well-defined, continuous, longitudinal crack, the toughness of the sod 
precluding a dean shear fiacture Rathm, there is a marked predominance of diagonal 
flectures resulting from tensile stresses. 

To sum up, a horizontal displacement produces and may therefore bo recognized m 
grassy country by a fault-trace showing: 

1. Tho disturbance of the Bod over a narrow belt. 

2. Tho generally raised surface of this bdt. 

3. Tho absence of a single continuous, longitudinal crack. 

4. Tho tearing of the sod along numerous diagonal fractures. 

5. The twisting and thrusting of sod flakes against and over each other. 

It was mainly by the aid of these criteria that the fault lines m the vicinity ot Shelter 
Cove were determined as fault or shear fractures, distinct from tlio innumerable crooks 
duo to the settling of eaith massos consequent upon the jar of the disturbance. In 
practically all of these tho sod had been ruptured by mere tension, or tension accompanied 
by more or less vertical shearing. Furthermore, as will presently appear, the location 
of the fault fractures was m many instances facilitated by their association with tho 
characteristic fault topography observed all along the line. 

Wliat appeals to be the mam fault-trace was first observed in the bottom of Wood 
Gulch, where it runs immediately along tho wagon road for a hunched feet or more It 
was thence tracod south to its southern terminus on the beach of Shelter Gove, and 
then north across Humboldt Crock up Telegraph Dill. Subsequently several appaicntly 
detached 1™* of a similar character were discovered in tho neighborhood of tho mam 
fault, as shown on the sketch map Begmnmg at tho south end, this lino may be tracod 
as follows: 

On the beach of Shelter Cove, 100 yards west of the frame hut of Snider (at the mouth 
of Deadman Gulch), the fault passes thru the bluffs obscured by dislocated masses of 
dark conglomerates. From tho top of the escarpment, however, it is easdy traced for 
ffi p a ri intftnr.fi down. The approximate contour map of the fault (fig. 10) sufficiently 
describes the topography here A notable feature is a small elongated pond on the 
steep hillside, walled in by a small ridge Thru this the fault-trace passes longitudinally. 
Continuing north, the line remains east of the upper valley of Wood Gulch until it joins 
the wagon road in the bottom. The line is by no means straight, as the bearings on the 
rnftp inriiQfttft A pronounced angle in its course exists at A (fig. 10), and tho coincidence 
in this change of azimuth with the abrupt topographic change at this point is strongly 
suggestive of a hade to the west. Near the loop in the road at B the fault is easily recog¬ 
nized, except where the road has been repaired. The fault-trace here passes thru a 
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characteristic little gap or saddle (plate 31a), and south of B follows closely an okl fault 
line, with a slight upthrow on the west. North of tho road the fault-trace follows a 
lavine for some distance, then posses along the west side of a low ridge, as indicated in 
the contouring, and finally drops down to Humboldt Greek Thence it ascends the 

south slope of Telegraph Hill, 



following for a considerable 
distance a characteristic fault 
feature on the steep brushy 
spurs indicated in plate 31d 
Immediately south of the 
summit of Telegraph Hill tho 
disturbance is the most pro¬ 
nounced, being accompanied 
apparently by an upthrow on 
the west side, resulting m a 
sharp-crested ridge some 4 feet 
high It is possible, however, 
that this ndge is not tho lcsult 
of the recent disturbance, but 
of a former one, modified into 
a more acute form by tho nhak- 
ing off of the sod (Sec plate 
31c) From the summit of 
Telegraph Hill a boaring was 
taken over tho entire length 
of the line down to Shelter 
Gove: N. 25° W Projecting 
the line north from the hill on 
the azimuth, it appears to 
head for a number of high 
mountains of tho King's Peak 
Range, altho no visible traces 
of tho disturbance aro found 
north of Telegraph Hill. Im¬ 
mediately north of its crest is 
tho upper end of a great hop- 
per-hke landslide, dean swept 
for over a thousand feet. 
The fault-trace is entirely ob¬ 
literated by this slide. Tho 
exact location of the fault 


Fm. 10 —Map of countay tiuTBued by fault to ninth of 
Bboltsi Core, Humboldt County. 


north of Telegraph Hill wob 
not ascertained Under tho 


impression that it past dose to King's Peak an ascent of this mountain was made, 
but without result. 


Of the auxiliary cracks, the first one. C (see fig 11), is a less pronounced disturbance 
than the mom fault-trace, passing thru a depression bordered on its east sido by a low 
scarp due to former faulting. A small pond encircled by the road lies on this fault-trace. 
Its bearing (not measured) is such as to make the line converge toward the nuin fault- 
trace and intersect the Bame in the vicinity of the pond m the bottom of Wood Gulch. 
The horizontal displacement along this line is probably small, much like that on the 
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auxiliary fault cracks accompanying the main fault-trace in Sonoma and Mendocino 
Counties, which it greatly resembles in surface characteristics. Another line of some prom¬ 
inence was discovered near the mouths of Humboldt Greek and Wood Gulch. As fig. 11 
indicates, this fault-trace, D, follows for some distance along Wood Gulch, then crosses 
over to the little gorge of Humboldt Greek (plate 31b), which it follows out to its mouth. 
The divide at D has a marked depression along the line of faulting. The fence cross- 



Fjo 11.—Map of oountiy north of Shelter Goto, Humboldt County, allowing 
auallny ftulta in lalutlon to main fault 


ing it shows no signs of horizontal shif ting It was not learned whether or not it has 
been repaired since the quake Tracing it to the south up over the grassy hills, it is 
found to Hinn.ppflii.T somewhere near the head of the little gulch shown on the map. A 
third iin«» was found along the wagon road at E, following an old fault ridge descend¬ 
ing the hillside on a slant. Its probable connection with the C line suggests itself. 

In HEPTfll 1 of the north and of the fault, the following itinerary was made: From Tele¬ 
graph Hill northeast to the did ridge road, to Albert Boots 1 ranch, thence up King’s 
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Peak and its sister peak to the north; thence to Upper Mattole and Petrolia, via the 
stage road, from Petrolia north across the North Fork of the Mattole River, and along 
the same over the high terraces to the north branch of the North Fork; also westward 
over the hills, north of the river, to the summit of the last hill next to the coast, and 
back along the river, from Petrolia south to the bridge, and up the hills south of the 
town to the top of the greet slide existing there; south to Cummings’ ranch, and thence 
across Cooskie Range, between Squaw (heck, Spanish Greek, and Cooskie Crock It was 
on the high bald spurs between Cooskie, Randall, and Spanish Greeks, close to the coast, 
that old Rift topography was for the first time encountered in this distuct Several 
«nnil ponds and ridges are found both on the spurs and close to their bases next to the 
beach. No sign, however, of a fresh disturbance could be found here. 

Finally, an excursion up the coast to Cooskie Greek and then south along the beach 
to Shelter Cove served to encompass the entile area under investigation A short side 
trip was made up the creek flowing from King's Peak, but nothing definite could be 
learned regarding the location of the fault. South fiom Hadley’s ranch at Big Flat, 
the precipitous mountain slopes have been destroyed by extensive and high landslides, 
the dislocated materials of which have frequently advanced out upon the beach in the 
form of glacier-like tongues The waves at high tide have since mpt these protruding 
masses and truncated them at their ends Many of the slides occurred apparently on 
the sites of older ones Their continuity and extent made the discovery of the fault in 
this neighborhood impracticable The prevalence of great slides along the coast, back 
inland, seems to suggest the possibility of the fault cuiving along the coast, anil 
gradually leaving it south of the Big Flat Ranch. In the belief that this might be the 
case, and that the fault might continue closely along the ooast for some distance, to 
reenter faither noith, a visit was mode to the great slide at Gape Fortunas — the most 
extensive slide along the north ooast. No trace of the fault could be discovered hero, 
however. No visit was made to Cape Mendocino nor to Needle Rock, a small prom¬ 
ontory south of Shelter Cove As seen from the cove, this rock has a pronounced 
saddle suggestive of faulting. Should the fault-trace run thru it, it would have a very 
strongly curved course, parallel with the coast 

Mr. Matthes’ account of the conditions in the vicinity of Shelter Cove may be supple¬ 
mented by the following note by Professor A. S. Eakle: 

Shelter Cove appears as a broad slope spreading out and forming a circular const of 
about 2 miles in length, with a flat plain 0 to 10 feet above the sea The ocean is con¬ 
stantly wearing away the land and no beach surrounds it Half a mile from tho ocoan 
the land begins to nse in gisssy hills which are ahiuptly cut off from the high mountains 
behind by a deep canyon The formation of the cove indicates that it has been broken off 
from the hills above by a huge landslide, perhaps by a former MtrUiq nnirft The gorgo 
which separates it from the mainland is on a line with the general ooast On the south 
side of the cove there are three parallel deep gorges which extend a short Hiaiitnoa in to tlio 
hills, and their continuation over the hills is shown by slight depressions which appear to 
have been clefts which have become almost filled with the wash of the hills Along all 
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fissures running from one depression to another are also present The trend of the mam 
fissures followed the coast, which is northwest-southeast On the hi gh crests of the Cooskie 
and King Mountains, which border the coast north of the town, fissures and wero 

reported by ranchers looking for cattle, but this region was not visited. In thp range south 
of the cove landslides were also reported and a photograph of a large one was The 

rooks of the coast are sandstones and black shales, and the hills of the cove were 

composed of blue and yellow Bandy day, evidently derived from the decomposition of the 
shales. 
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POINT ARENA TO FORT ROSS 

For the course of the fault and the phenomena of earth movement along it for the 
stretch of 43 miles between the mouth of Alder Cheek and the point on the shore south 
of Fort Ross where it passes beneath the Pacific, wc arc a gain indebted to Mr. F. E. 
Matthes, who, on behalf of the Commission, made an examination of this territory. In 
the vicinity of Fort Ross, however, several observers contributed notes as to the phe¬ 
nomena there. For this entire distance, the rupture of the ground and its differential 
displacement are strongly marked and, except for the occasional local obscuration of the 
phenomena by brush and timber, aie easily traced The fault-trace enters the shore 
less than half a mile north or the mouth of Alder Crock and crossos with a course of 
S 28° E. the bonch-land, or wave-cut terrace, to the banks of the creek about 500 
feet in from its mouth (fig. 12). Over the surface of the bench it is marked by char¬ 
acteristic rending and heaving of the sod At the point where it reaches Alder Greek, 
the stream bank is rocky and steep, and the course of the crack can be traced down the 
rocky bluff, tho somewhat obscured by talus The face of the bluff is shown in plate 32a. 
On the edge of the bench above the stream cliff (b, fig 12), there is a rocky knob project¬ 
ing above the general level. The earth crack passes dose to the southwest side of this 
knob. The hade of tho crock on tho face of the bluff foi a height of about 50 foot is very 
nearly vertical, but its deviation, if any, fiom the vertical could not be accurately meas¬ 
ured on account of the ragged character of the bluff and the loose rock upon its face. On 
the northeast side of the rocky knob above reforred to, there is evidence of a less well- 
marked parallel crack, as indicated on tho sketch (fig. 12). This also appears on the 
rocky bluff of the stream diff, but is less distinct than the main crack. 

Southeast of this point, the fault-trace fol¬ 
lows the broad stream bed of Alder Crook for 
noarly a mile, passing beneath a bridge, the 
wreck of which is shown in plate 32b. In this 
view, tho horizontal offset of tho bridge along 
the fault-line is well shown. It is apparent 
that this offset is not less than the width of tho 
bridge. On the southwest side of the stream, 
noar tho bridge (a, fig. 12), the rault-tmco is 
flanked by peculiar, isolnled, rocky knobs simi¬ 
lar to that on the northeast side. It is not 
dear, however, that theso rocky knohB have 
mere than an accidental relation to the fault, 
since they may possibly bo residual searstacks 
upon the uplifted wave-cut terrace. 

After leaving Abler Greek, the phenomena of 
surface rupture and displacement were traced 
thru a series of ranchos to the divide passing 
over to Brush Creek, and down to the vidnity 
of Manchester. Along nearly this entire dis¬ 
tance between Alder Greek and Brush Creek, 
the line passes thru a series of depressions, swamps, and ponds, the majority of 
which are not connected with the neighboring streams. Offsets due to the displace¬ 
ment were measured on two fences of Mr E E. Fitch's ranch, and the amount of move¬ 
ment was found in each case to be 16 feet, the southwest side having moved relatively 
toward the northwest. The vertical displacement was, as a rule, quite small; only in 
a few places did it amount to a foot, presenting a low scarp of that height facing the 
northeast. To the north of Manchester, an east-west fence line was offset in three {daces, 



showing position of Isult-teace. 



60 


REPORT OF THE CALIFORNIA. EARTHQUAKE COMMISSION. 


the zone of dislocation being in low, marshy ground At another place near Manchester, 
where on east and west fence follows the north side of a wagon road, both fence and 
road have been offset as shown in plate 32d. In both cases the relative movement on 
the southwest side was to the northwest. The dairy barn on the ranch of Mr. E. E. 
Fitch stood astride the line of movement and was demolished by the torsion to which it 
was subjected. The wreck of the bam is shown in plate 32c. At two places along the 
stretch between Alder and Brush Creeks the bearing of the fault-trace was measured, 
the readings being N 28° W and N. 30° W. 

Southeasterly from Manchester the line of dislocation passes over the dividing ridge 
between Brush Greek and Garcia Rivei, presenting the same general features. The 
upthrow is distinctly on the southwest side, but amounts, as a rule, to only a few inches. 
The horizontal displacement was measured on a line fence south of the divide. The 
fence is offset in two places The principal displacement amounts to 13 feet, while on 
the minor offset, a little to the east, the displacement is 2 5 feet. The relative movement 
in both offsets is in the same direction, making the northwesterly displacement of the 
southwest side 15 5 feet. This fence is shown in plate 33a South of this divide the 
main fissure passes thru a depression immediately east of a prominent knob projecting 
south from the divide; while a subordinate fissure traverses featureless hillsides from 
100 to 150 feet farther east 

For some distance up the Garcia River from the point where the Rift intersects it, the 
line of dislocation traverses the flat alluvial bottom land, crossing and recrossing the 
stream bed. At David Jones’ ranch it leaves the bottom and ascends obliquely the side 
of the valley; and from this point to its head waters it remains on the western side of 
the valley Its path is thru a belt of ridges and swamps. Fart of the way there are 
two sets of ridges, the lower or eastern of which coincide with the new line of rupture. 
Looking along the valley, the more prominent of these ridges appear as notable features 
of the transverse profile. Opposite Hutton’s ranch, the line is found about 500 feet 
west of the river, and about 60 feet up on the valley slope. It crosses a road and fence 
here, producing offsets of 10 feet in both, in the warm mwim as before noted. At the 
head of the Garcia River, the fault-trace passes thru a low Middle into the valley of the 
Little North Fork of the Gualala River. 

Down the Little North Fork, the fault-trace fallows the axis of the valley on its west 
side; at a point 1.5 miles north of its junction with the North Fork it runs lengthwise 
for over 100 yards with the grade of an abandoned logging railroad, tearing the «»"" to 
pieces. Interesting evidence of the condensation or shortening of the ground in this 
vicinity is afforded by the buckling of the rails as seen in [date 33d. Here the main hnc 
of dislocation lies about 100 feet to the east of the track m the stream bed. The effect 
of the movement was to shorten the steel rails either by buckling or telescoping aftoi 
the snapping off of the fish plates. The small trestle m the dis tnnr a is traversed at an 
acute angle by an auxiliary line of dislocation and is similarly shortened. At the locality 
shown in {date 33c, the budding in the foreground resulted in the breaking of the rails. 
Similar instances of the shortening of the steel are shown in the distance. Here the mam 
line of dislocation of the earth lies about 50 feet to the east of the trade, and parallel with 
it. Plate 33b is a nearer view of the trestle above referred to. Below this point the 
fault-trace lies m the stream bed for some distance, crossing the North Fork at a point 
200 feet east of its junction with the Little North Fork. Two lines of faulting appear 
here, both of which caused considerable damage to the railroad track; but the latter 
having been repaired before the date of Mr. Matthes 1 visit, no measurements of offsets 
were obtainable. 

From this point southeasterly, evidence of dislocation along the line of the Rift, in its 
course up the valley of the South Fork of the Gualala, is obscured by the dense brush to 
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a point east of Slewait’s Point. Here the line runs on the lower side of a double series 
of low ridges, interspaced with elongated swamps, and all trending parallel with the 
river. (See fig. 13) Its bearing is N. 33° W. f altho only short sights could be obtained 
on account of the timber anil brush The bearing noted is nearly in lino with the axis 
of the valley of the South Fork of Gualala River. The amount of dislocation could be 
estimated only m a rough way fiom the offsets in the road leading east from Stewart’s 
Point to Lancaster’s ranch. A few neglected picket fences gave doubtful results, the 
alincmcnt of the pickets having been previously disturbed by forest fires, fallen tices, etc. 
The horizontal movement is distributed over two strong, and one or mare dim, lines of 



faulting, all of producing offsets ranging from a few inches to several feet. The 
total displacement apparently did not reach 8 feet. As will be apparent from fig 13, 
a logging road runs southeast parallel with the fault for 0.75 mile, and then crosses the 
aamA at on abrupt turn. It so happens that the road at this point has been out thru one 
of the narrow ridges referred to, the depth of the cut being about 7 feet. The movement 
on the fault has practically closed the cut, so that it is now barely passable on foot. 
The bridge over the South Fork of the Gualala River, 3 miles east of Stewart’s Point, had 
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its floor and end panels bent and the tension rods in the last two panels were buckled 
and twisted. 

The upthrow on the fault east of Stewart’s Point is on the west side, but farther up 
stream, where the fault runs along the steep west side of the valley below Casey’s ranch, 
the upthrow is apparently on the east side The foot trail fiom Casey’s ranch to the 
river follows a wm-rlmd longitudinal depression in the steep slope for 100 feet, and it is 
along the abrupt west side of the small ridge flanking the hollow (see fig 14) that the 
fault-trace is located. The upthrow measures fully 2 feet, while the height of the 
ridge above the hollow vaiies from a few feet to more than 10 feet. The depression 
pitches to the north and is drained by a tiny brook. The fault-trace happens to coincide 
with the latter at a point where the trail crosses the watercourse over a rough wooden 
bridge. The horizontal movement along the fault practically destroyed the bridge. No 
measure of the displacement could be obtained here, but the indications are such as to 
wairant the belief that it did not amount to 15 feet, and that probably some of the 
horizontal ahp-nr had been distributed over minor lines of displacement higher up the 
slope, and marked by InnHalidpa These lnndalidra above the depression in which the 
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fault-trace lies are an important factor in the interpretation of the phenomena It is 
easily possible that the scarp looking southwesterly over the depression referred to does 
not represent the real movement on the fault plane, but is a landslide effect In any 
event, the proximity of the landslide weakens very much any judgment that might be 
formed, implying a reversal of the vertical movement which normally prevails along 
the line of the fault. 

From Casey’s ranch southeast, detailed observations were found to be impracticable 
owing to the dense tangle of brush and fallen timber. The ridge between the upper 
stretch of the river and the coast is crest by the fault-trace thru a swampy saddle above 
Plantation House, and the fault-trace traverses the swamp. Plantation House stands 
practically on the line of disturbance, about midway in a zone 270 feet wide traversed 
by six roughly parallel lines of rupture. The general bearing of the principal line was 
found to be N. 38° W. Southward the main fault passes thru a series of swampy hollows 
along an abandoned road, now impassable because of the cracks thru it. The line was 
traced south for 2 miles, its general appearance being found to remain the same thruout. 
There is a marked upthrow along its west side, not exceeding a foot at any place. Where 
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it crosses the stage load at the Plantation House, the vertical displacement on the main 
fault measured 0 inches; that on the secondary lines did not exceed an inch. 

At Buttermorc’s ranch, about a mile cast of Timber Cove, the displacement is dis¬ 
tributed ovei three fissures, the principal one running 30 feet west of the dwelling. It 
intersects three fences, all of which show offsets of about 8 tcct. The original crooked¬ 
ness of the fences and the ropoiis made since the earthquake make the accurate determi¬ 
nation of the displacement impossible The fault-trace was followed for some distance 
south and noith from the ranch thin the forest, and found to follow the swampy depres¬ 
sions most of the way with low scarps or ridges to the west The ranch and its fiekls 
lie for the most pait m a broad swampy saddle. The upthrow in this neighborhood is 
on the west side, not exceeding 15 indies anywlicic. 

FORT ROSS. 

North and south of Fort Ross, the phenomena of displacement are well displayed, both on 
the open-tcrrocod coastal slope and m the timber The rupture follows for the most port a 
funglo wdl-dofincd line in the path of the old Rift, coinciding m many places with ancient 
scarps and the dopes of low ridges (Sec plates 35a and 30n) The fault-trace is com¬ 
monly marked by a ridge of heaved sod with diagonal cracks as illustrated in plates 35n 
and 3Gn New scarps occur as shown m plates 30c, and 38a, n, os well as accentuations of 
old scarps. There arc, however, several subiiarallcl cracks Two of those, having each 
a length of about 150 feet, ho to the west of tlie main lino at a point 1,250 yards northwest 
of Duda’s ranch-house, one 50 and the other 100 feet distant from the mom crack and 
disposed an echelon Within 300 yards to the southeast of tliis arc two slioit cracks still 
closer to the main one, and springing from it, at about 450 yards northwest of Doda’s 
ranch-liouso, is a parallel crack 440 feet in length anil 00 foot from the main line. In this 
case the scarp apjjoars upon tho auxiliary crack, ancl not upon the mainline of rupture. 
Between the short discontinuous crack and tho main line is a swampy depression. On 
the southeast side of tho ravine, southeast of DocUl’h liouso, tho main crock is paralleled 
by two subordinate cracks, one on each side. That on the Routliwobt side is about 250 
feet long and 50 fool fioin the main line It lias a low scarp facing liorUiosst, but not 
so pronounced as tliat on the main line of rupture. The crack oil the northeast side of the 
mam line Iioa a length of about 1,125 feet and convngcs upon lliu latter toward the 
northeast. At its northwest end it is 100 foot from the main mack and at its southeast 
end only 50 feet distant It has a low, discontinuous scarp facing northeast. 

In a distance of 7,250 feet measured along tlic lino of the fault, there are twelve stretches 
of scarp ranging in length from 125 feet to 1,000 feet, counted both on the main and on the 
auxiliary cracks and aggregating 3,000 foot in length Of these eight face northeast and 
four southwest. The eight scarps facing noithcost aggregate 2,250 feet in length, while 
the four facing southwest aggregate 750 feet. Two of the southwesterly facing scarps, 
however, aggregating 375 feet in length, are on the descent to the ravine southeast of 
Doda’s house, where there is considerable sliding of the ground, and they may possibly 
be accounted for oa secondary features due to landslides. The other two scarps facing 
the southwest are unexplained They are abnormal and are so exceptional that they 
scarcely weaken the general conclusion that the vortical component of the movement on 
the fault was upward on the southwest side The amount of this vertical movement 
in the vicinity of Fart Ross probably doos not exceod 3 feet. In tho first hasty examina¬ 
tion of the ground, it appeared as if the amount of vertical movement might have been 
as much as 4 feet This impression was due to the fact that in {daces preexisting scarps 
were closely followed by the fault-trace, and a sufficiently careful discrimination was not 
made between the proportion of the scarp due to the new displacement, and that due to 
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earlier movements. A review of the facts indicates that the addition to the height of the 
old scarps and the total elevation of the new ones rarely, if at all, exceeded 3 feet. In 
general it was less than 2 feet. 

The distribution of the line of faulting for a typical stretch of the Rift near Fait Ross, 



the auxiliary cracks, the disposition of the 
scarps upon these, and the relation of the 
whole to the old Rift features, are well 
shown on map No. 3 by Mr F E Matthes. 
The horizontal displacement is also indi¬ 
cated on the map, but this needs more 
detailed statement. 
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On the line of the fault, about 300 
yards northwest of the road from Sea 
View to Fart Ross, a steel water-pipe 
was dislocated by the earth movement, 
and found to be offset 8 feet, the south¬ 
west portion having moved northwest¬ 
erly. This of course affords only a mini¬ 
mum measure of the relative movement. 
Where the road just mentioned intersects 
the fault-trace, both the road and the 
bordering fences were offset about 7 5 
feet, with a slight sag on the northeast 
side. The zone of shearing here was from 
10 to 20 feet wide. A wagon road on 
the Gall ranch, south of the one above 
refened to, was offset 12 feet 3 inches, 
the line of dislocation being marked by 
an open fissure in the soil a few feet deep, 
and several short diagonal cracks, as 
shown in plate 36c. Another offset 
fence is shown in plate 36a, the displace¬ 
ment being here 8 feet at the fault-trace. 
The effects of the earth movement in the 


timber to the south of this are well shown 


in plate 34a Several large trees stand¬ 
ing on the fault line were split or tom 
, , asunder. The offset of the south line 

a i <e ~° fence of the Call ranch was carefully 

smveyed by Mr. E. S. Larsen, and the 
results of his survey are shown m fig 15 The bearing of the fence is N. 36° E. He 
reports that for the first 1,000 feet from the southwest end of the fence the greatest 
error in alinement was about 1 inch, and that practically there was no deformation in 
this stretch. In the next 125 feet going northeast there was found a deviation from 
this ali nem en t of 4 inches to the southeast In the wwt 50 feet the deviation in 
the same direction was 7 inches more In the next 140 feet the deviation in the aftTnfl 
direction was 3 feet 7 inc h es more. Then came the fault-trace with an abrupt displace¬ 
ment of the fence of 7 feet 5.1 inches Northeast of the fault-trace the fence retained its 
line very welL In 100 feet it was out only 1 inch. Beyond th« it enten the timber 
its course is somewhat influenced by the larger trees, but Tn«wfa»na its line within a 
few inches. These measurements give a total horizontal displacement of 12 feet distrib- 
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uted over a zone 415 feet in width Another fence farther southcohl on Doda’s ranch, 
having a bearing of N 36° E, was offset on the fault-line 15 lect, the southwest Bide, as 
usual, having moved relatively to the northwest Thu fence is shown in plate 34b. One 
of the most interesting effects of the displacement due to the fault is that seen where 
the latter intersects a small stream at Dodn's ranch-houso The stieam flows trans¬ 
versely to the line ot the fault, and has a trench across the terrace about 5 feet deep. 
On the lower or southwest side of the fault, the stream trench has been moved noith- 
wcstcrly about 12 feet, so as to bring a TaulUtcorp across the entire width of the upper 
part of the trench and impound its waters m the form of a pool The result is shown m 
plate 37a and also on Mr MatUics 1 map of the Rift at this place (map No 3). The 
impounding of the waters on the line of the fault is interesting evidence of the absence 
of any open ciack 


BODEGA HEAD TO TOMALES BAT. 

The location of the fault across the neck of land which connocts Bodega Head with tho 
mainland was detornuned by Prof. J N LcContc He rcpoits that on tho south side 
oi this neck the main earthquake fissure was found passing about 50 yards west of a house 
oocupuxl by Mr. Johnson It could lie traced as a multitude of small cracks m the swampy 
land from tlic bay to the road, then os a well-defined fissure up tho small dcpicsbion west 
of tlio house for 200 yards to where it disappeared in tho sand dunes. No trace of it 
could lx 1 detected in the sand dunes, winch reach fiom this point entirely across the penin¬ 
sula. Only one fence crosses tho fissure and this had been repaired so that no measure¬ 
ment of tho displacement was possible. Tho movement was evidently northward on 
the west side, as was shown by the direction m which the bushes were bent. The vertical 
movement was about 18 inches, the uplift being on the west side. The sand spit which 
doses the bay on Lite south was examined for ovidcnco of movement, but nothing could 
be detected m the drifting sand 

At the mouth of Tamales Bay there ore two points projecting westward from the east 
shore, and both of these, according to the observations of Prof .R S. Ilolway, ore Croat 
by the fault-trace. The first is a long, flat sand-spit extending well across the mouth of 
the Bay just south of Dillon's The line of the fault was still visible in the sand on 
June 11,1906, in spite of the obliterating action of tho wind and tho recent rains. The 
line lies near the biusc of the npit and has a northwest-southeast courso On each side 
of the crack arc cratoliko depressions, some of them being double or overlapping. 
Mr. Keegan, the owner of Dillon's Beach, reported that these cratcrlcts were numerous 
and distinct In some instances a great deal of sand and water hod been ejected. Others 
oie reported on the southwest side of tho fault-tiace, from which the belt containing them 
extends some 70 feet. The cratcrlets vary m size up to 6 feet in diameter and it is 
reported that on the day after the earthquake the water which stood in them could not be 
bottomed by a fishing pole. 

About 15 miles southeast of this spit is a promontory about 100 feet high projecting 
into tho bay. Some 400 yards from the end of this promontory on top of the ridge is a 
line of depression with two or three small ponds. The main fault fissure here divides into 
two cracks, one each side of this depression, which is about 150 foet in width. Stand¬ 
ing on this ridge, tho line of the fault can be traced at low tide for nearly 15 miles across 
the bottom of the bay to the sand-spit to the northwest, its course in general being parallel 
to the axis of Tomales Bay. (See plate 38c.) The horizontal displacement where the 
fault crosses the promontory is about 8 feet, as determined by the line of tall grass at the 
edge of the little ponds, the westerly side having shifted to the northwest. 
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tomales bat to boiinas lagoon. 

By G K. Gilbert. 

The Fault-trace. — The trace tiaveraes the zone of the Rift. Its general course is N. 
35° W. and it nowhere departs moie than a few hundied feet from the straight line 
connecting its extreme points. For considerable distances it is a single line of rupture; 
elsewhere it is divided into parts which separate and reunite, and in yet other portions 
it is composed of unconnected parts arranged en tchslon There aro no vertical 
sections ftvhihiting hade, but the lelation of the trace to sloping sui faces indicates that 
the fault-plane is approximately vertical 

For considerably moie *.h«.n half its length the surface expression is a liilgc from 
3 to 10 feet wide and ranging fiom a few inches to about 1.5 feet high (See plates 37b 
miH 40a ) The ground constituting the ridge is in fragments, loosely aggregated, so 
that there are considerable voids. Where pasture lands are crost the turf is torn into 
blocks, and these, in conjunction with the cracks which separate them, make up a pat¬ 
tern. T his pattern is always irregular and sometimes gives no evidenco of system, but 
usually its lines have a dominant direction, traversing the ridge obliquely, the northern 
flnriq of the cracks pointing toward the eastern boundary of the ridge, and the southern 
ends toward the western boundary. The cracks have resulted from stresses connected 
with the hoiizontal faulting, m which the southwest block moved northwest with 
reference to the northeast block. (See plate 39 ) 

In other places, and usually for short distances, the surface expression is a shallow 
trench ({dates 40b and 46b), with ragged vertical sides from 2 to 5 or 6 feet apait, and 
occupied by loosely aggregated fragments of the ground, the pattern of the fragments 
ruH interstices being Mmilw to that observed in the case of the ridges This phase sug¬ 
gests that just below the surface the fault may be somewhat open, so that there has been 
an opportunity for fragments to drop into it 

In a third phase the ground is not notably elevated nor deprest but is traversed by a 
system of cracks obscurely parallel one to another and making an angle of about 45° 
with the general direction of the trace. Them orientation is such that they run nearly 
north and south. The cracks do not meet, but leave the intervening strips of ground in 
full connection with the undisturbed ground outside the trace. This phaso occurs chiefly 
in wet alluvium. 

There are a few spots where for short distances the surface expression is a simple 
straight fracture along which horizontal motion took {dace. 

In the detailed descriptions which follow, the first three phases described above will be 
spoken of as the ridge •phase , the trench phase , and the echelon phase. 

The most southerly observation of the fault-trace was on the spit separating Boiinas 
Lagpon from the ocean. Near the west end of the spit its suiface is covered by small dunes, 
and among these the trace was seen in its echelon phase. After a lapse of nine months 
the drifting of the sand had obliterated most of the cracks, but a few were still visible. 
Inside the spit he a number of islands, the largest of whioh, Pepper Island, has a nucleus 
of sand (the vestige of an ancient spit), but superficially consists mainly of a fine tidal 
deposit. In the earlier field excursions the fault-trace was here overlookt, the echelon 
cracks by which it is represented being mistaken for secondary cracks, but at the present 
time (spring of 1907) it is easily traced, even from a distance, because the vegetation on the 
two sides of it has acquired diffeient odors. Unfortunately the camera does not dis¬ 
criminate these colors. (Plate 41a.) The echelon phase here dominates, but the ground 
east of the trace is deprest about a foot, and this depression has so changed the relation 
of certain plants to the tides that they now find the conditions of life unfavorable and are 
dying out. This matter will be considered more fully in ftnnt.liwr connection. 
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In the U. S Geological Survey map of this region the islands 81*0 not represented. 
In fig. 28 they are represented os they appeal at half-tide, or, more strictly, tho parte 
shown are those coveicd by vegetation This figure also shows the corresponding part of 
the delta of Pine Gulch Gicok Aitoi dossing Pepper Island and a smaller island imme¬ 
diately adjacent, the fnult-tiacc disappears under the waLci of the lagoon and it was next 
seen on the mainland of the southwest slicro near tho head of the lagoon. In the interval 
it probably crosses the delta of Pine Gulch Creek between the Iiiicb of high and low tide, 
but this tract was not examined until after tlio floods of March, 1007, which oversprcucl 
it with alluvium. A disconnected group ol crocks opening m the alluvial plain of the 
creek about 400 yards to the west (plate 30 a) piobably marked the position of a divaigcnt 
branch of the fault. This line of disturbance ciosL the creek and road near the bridge 
in the northern settlement of Bolinas, trending approximately north anil south and fading 
out in both diicoticns 

The trend cf the fault-trace on Pepper Island is about N. 34° W, anil if continued would 
bring the traco to the slioic at tlic head of tho lagoon, but its actual position on the 
mainland is farther west, indicating that there is either a swerving or an offset m the part 
not seen. Near tho shoic tho fault occasioned a number of landslides winch obstructed 
the road until removed, and lieyonil the confusion occasioned by the landslides the trace 
consists of a number of subparallcl crocks occupying a belt several yards in width. 
There is also a nearly parallel branch of tho trace in a fault-sag lying a httlc farther west, 
but this could be followed only a short distance, and has sinco been largely obliterated by 
plowing. Mr. Nunes, who cultivated this sag, Stott'S that it once contained a pond or 
marsh, anil this lie had drained, but tho waten stood there again after tlic earthquake, 
showing that tlic earthquake hail caused a depression of the bottom of the Hog. 

Tho diffused cracks on tlic main lmc soon gatlici into a narrow holt and dcscoiul into a 
narrow sag, containing the barn and other form buildings ol Lius Steele place. After 
fallowing the sag for a shoit distance, the trace gradually rihcs oil its eastern wall, crosses 
obliquely an intervening ndge, and outers a parallel sag towoid the cost In Lliis sag, 
which also is narrow, the trace intersects one cf tlic roods leading from Bolinas to Wood- 
mllo and immediately begins to ascend the narrow rulgo bounding the sag on tlic east. 
Greasing this ridge obliquely, it skirts for 0.25 mile the wostern border of tlic much brooder 
sag in which the water of Pino Gulch Greek gathers before it enters the canyon from 
which it is named. This wall it descends obliquely, and, just before rcacliing the bottom 
of the sag, intersects anil offsets a lmc of eucalyptus trees marking a property and town¬ 
ship boundary. Tho ridge phaao dominates in this region (plate 37n), and near the lino of 
eucalyptus trees the trace itsolf has a small offset to tho west. (See fig. 18) 

Now for nearly half a mile tho trace follows a volley-bottom, being divided on the way 
between two or three branches. Tlic ridge phase obtains, but there arc Hoveral places in 
flat alluvial ground where the oi dinary group of crocks is replaced by a single crack with 
dean shear On Mr. Strain's place two fences wero crest whucli afforded measurement of 
horizontal displacement Beyond them the fault-trace bcoomos once more single, and, 
after passing a group of vary small ridges and sags, begins to dimb the eastern wall of a 
larger sag, which hero contains Pino Gulch Creek. (See plate 41b.) Along its lino there 
soon develop a small Bag and ridge constituting a sort of shelf or notch on the wall of the 
deeper sag (plate 42a), and in this small sag are several ponds. (Plates 10a, 54a, and 
55a.) Tho sag first rises for a distance and then gradually descends. The fault-trace 
exhibits here in alternation the ridge and trench phases, and at many points there is an 
apparent vertical displacement with throw of 1 or 2 feet toward tho northeast (Plates 
10b and 48b.) Near Bondietti's house the individuality of the sag is lost, and the 
fault-trace swerves somewhat to the east. A parslld trace develops west of it, and the 
two come together near Beider's place. Northwest of Beider's is a rdativdy high fault 
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ridge, and the fault-trace climbs the end of this, following a narrow groove or ascending 
sag. Hero also are ponds Faither on it passes to the east of the ndgeciest and follows 
a side-hill sag similar to the one followed 2 miles farther south, except that it is on the 
eastern instead of the western face of the fault ridge (Plates 8b and 9a ) The apparent 
vertical displacement is here m the opposite sense, the west side having apparently dropt, 
but the throw ib small 

Thence the trace descends obliquely to the canyon of Olema Greek 150 feet below 
Where the crock makes a decided bend toward the west the trace crossos it twice, and 
then follow^ near its west bank for several miles Not for from the second crossing it is 

subject to a seiies of offsets, giv¬ 
ing to the trace as a whole the 
same echelon chaiacter com¬ 
monly observed in the airange- 
ment of its details. It is note¬ 
worthy that where these offsets 
occur the trace swerves some¬ 
what toward the right and the 
new line begins at the left, so 
that the arrangement is essen¬ 
tially a magnification of the 
arrangement of cracks in what I 
have called the echelon phase 
of the fault-trace. There is this 
difference, however, that the ele¬ 
ments of the larger echelon make 
a comparatively small angle with 
the general course of the trace 
At several points in this part of 
its course the trace follows steep 
dopes from which the timber 
has not been cleared. On these 
slopes, which face the northeast, 
its course sometimes coincides 
with that of a very narrow sag 
occupied by marshy ground 
Elsewhere it crosses an upland 
to which a series of sags gives 
gentle undulation and here it 
touches or passes near a number 
of ponds (Plate 43.) The route 
of the fault-trace in this region and thence north to Papermill Greek is shown by fig. 16, 
a compilation baaed on data from several sources, including a few original measurements. 

A mile south of the village of Olema the trace enters a sag which is followed continuously 
for nearly 3 miles At first the sag is narrow and is attached to the northeast slope of a 
ridge, but approaching the Shafter place the ridge crest sinks and a broad sag replaces it 
m the line of trend (Plate 42b.) In following the eastern edge of this sag from the Shafter 
place to Papermill Cheek the fault-trace also follows the western base of a lino of hills. 
The hills are peculiar m that their western, or mare strictly southwestern, base, being 
determined by faulting, is nearly straight (plate 42b) ; while their northeastern base, 
modified by the erosive action of Olema Greek, is scalloped. In this region the ridge phase 
of the fault-trace dominates, being occasionally replaced by the trench phase. (Bee 
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HIE BVRT1I M0\ EVENT ON THE TlULT OY Vl'Etl 18, MOO Of) 

pliitc 44) A few minoi binnchr-s line wcon on Uic oast bale Tho jioul oi Iiuio or 
wrIoi shown in plate 42 d n about 2 lcc-L deep Bit Hluillii slnLos thnt the ginuud hole 
was ill v anil undei cultivation botoic the mi Uujuako Hlioi L|y allot llir shock lu- uul iced 
that tlio cut lent ol a clock close by was ic\ cihcil 

Jubt south ol lira In-nil nl Toinalcs liny, Papcnnill Cieck cuLcis Lite valli-v lioni llu* cast, 
cio-w- to the soullmcsl side of tlu- udlej and Uraniums low aid llu h*iy, in which 
it has built n ilclLa Tlu* ili-lin occupies the whole width ol llu liny aiul is nlmut 3 miles 
long, the (pvatui lull nl it lioiiigmbiiicignl at high tide At Hie- hcwul ol llu- di Itn Oh-iiin 
Giuek joins Papc-imill, Imaging its tubule cf ili-luius, nnd oil llu 1 npposiLe side ul Llu- 
vnlley Papciniiil Cheek icceiveu tho walei ot Ikiu Valley Cu-c-k, wlm h In mgs no k iliinenl 
hut hltuis tm sonio distanco tluougli a mait-h At tlu- licad ol Hie delta i load ciuh-cs 
the valley, testing pully on llu. della anil |milly oil tlu mnisli just nienitornd, nnd fui- 
mshed with an einbaiikuient to lilt it above the Huuds Just licloie ic selling this lonil 
the laull-liooc entns the mush, wlu-ie a quickh csjunulu to a width ot ni-iuly tiO teeL 
and exlulnlb Lite lic-nch phase Not only was the load oll-cl by Ura LaulL nnd eat thi puke, 
but the poition between the walls ol llui bench wns diopt down, the embankment sink¬ 
ing into the noil eaith until neatly Hush with tlie mnisli In loslniuig tlu- einlinnkinciiL 
about 3 5 teat ol eailh wise added Close to llu* mad Popcinull Clock was dost, with 
offsetting of lisnl s, aud llionco the bull was oontiimcd lluu llu ileltn to its csul (Son 
plate 40 v) Its cnuibO is lu-aily bbniglit .uni ot biu.li 
diieelion as to [mss just outside the end ol the cape 
neai Millei ton, the lieu mg lx-iug N 3S°W 4tsevcial 
points it is inaigmad on tho multicast by a lane of 
walci (plate liiv), uulioabng Hut a nauow lioet 
on that suit- ib dcpicbt. but no evidence was found of 
a goneial depiossion of land oil enu sule ot llu* fault aw 
m Boliiuu. Inignon Tlie echelon phase is (limiimuil, 

Uto lidge phase doos not appau The Ucnch pliasi 
oblainb foi riioil distances, and is comlniiecl loi lnigm 
distances with llu- cohclon Wliero tlie bench pliase 
oocuih, it (oincules with the aono of aliumlant nackH and is lima distinguished from 
tlie sag holcluig tlu 1 lane ot water 

Tlie gcnruU lelalicm ol the sag to the roult-linco is hIuiwii hi hg 17 It occuim only nn 
tho noithaast sale, hut in m persistent tluiL, horn a eoiiuiuinding irasibon, tlu laulL can 1* 
liaocd uul by means of lira wain lanes The ih-pii-ssuM will pioliably a vein go iiion- Ilian 
BO feet widOi but it eludes uieabmcnienl hceaiisv il Imles out gimliully on tlie side away 
Uom the fault Tho gicatcsl noted depth is 17 inches, hut the aveiago is inohnldy lt«a 
than a foot In attempting to uitriplet Lins Icaluic I assmm- tliat lu-iu-ath Lhe smooth 
piano ol the della, aiul buncil V) ila soft deposit*, u a saiicgalcil topngiapliy ol llw lift 
type, and the hypoLhusib 1 oilvanre n that the ncw-tnailc sag on the della plain is the 
auifaeo coho of a faulting of tho bmiod topogiaphy wlueli was nude dec pci by tho cscnl 
of April, 1000 It has ahead} boon pouitod out (page 07) thnt the sags of tho llifl 
which wnc touched by Ura now tault were appuonll) deepoued, and it Uic tiuc cwplanan 
tion of tho delta-sag has boon suggested, we have m that tcaluic an indication tliat tlu 
deepening wns not only apparent but teal 

At the xunthcin edge of the Inverness settlement is an outlying oi lnaiieh lault-baeo 
about half a mile long (Plates 46b and 47 a) Stoiting m what is called the'‘Second Val¬ 
ley,” it Ohocrulb to a mesa and Hum deoconds toward the "Hind Valley,” its oouno being 
about N 20° W Li cleaning the upland it is associated with a faullrsag and ttuneoxhibits 
the trench phase with hoiiiontal disploooment of 2 5 teet Two -dutler baccn, bending 
lunthwsid, oecm on the slope between the “Fust Mesa" and Ura "Second Valley " 
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Aleawicmcnta threat — At all pom lb alicie hoiunntal thiow was Lira 

giound at the 6 uutk\in*t, aseompaicd to giound nt the noitheist, mo\cd ncilliwcstwaid 
On Pcppci Island in Bolinas Lagoon a houmntnl displacement was bliown liy jog* m lira 
duections of the south coast, of the limit ot vegetation at the noi th, and ol a \\cll-dc(inod 
change ot floia dcpomlcnl on the 1 elation ot land h vels to tide IhtM. vairaiis knluiOH 
aie too indeihuto to gi\e value to menbiuoment of ottwt, buL tlio gcncial indication is 
that the amount ol thiow is somewhat huger an the. ibLuid than at the noon st points ot 
measuiement on the mainland 

A ttiiIp northwest ot the head of Bolinas Lagoon the faidt-tiaco mlcisects a ion of 
oucalyplue tiees which had been set to mnik a piopcitj lino, tlie bourn In 3 ' botwocii Inmls 
ot R B Routlinmlh and S McCrady The low is now both dislocated and cuncd, and 
as theio is mason to believe it was oiiginally alined with caic, its picscnt condition shows 
the distiution ot tho giound at the limo ol the ctuLhquakc Tlio fault-tiaco, ns bhown by 
the accompanj mg map (fig IS), n hue offset cn erhtlo n, aiul the ion of ticos n 110 L only 
ciost by one section of tho tiace but appiooched by the othci At tho point of oiossing 
the dislocation is 10 feet On the northwest aido of the fault aie bi\ lieos, all 111 line 
On the southwest side aie a doien 01 moio lioeb ol whieh all but thiee aie in lino It the 
lino or eithei stiaight illusion be pn|eefcd anoss the fault (bioken hncs m map) it 
pibjiwi 13 5 tcot to the Lett, ot the line ot the othci division The thioo ticos iicmcst the 



Tin IS —DiSlmM in* ol 
mult plus but 
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fault on tho southwest side follow a gently ouivmg line Tlie indication is tlml iilwrat 
thiee-fouiths ot the wliole displncoment uccuued on the mam plane of tlie linrlme, and 
tho lemaindar was diftused thiu tho giound adjoining on Ura soulhwiM A closely 1 eluted 

condition exists at the southern limit of Ura same hell, ulieio tlie faiill-liaccmlcisects 
a fence at light angles Theoftsetn7teetSmcliis, and this is accompsiiied by a rliouge 
of duection (Fig 10) UidmInnately the fence is too nlioit to iiulicale ni lull tho 
changes of the giound, but the bugg^tion is that in nildition to the visihlo oflset, theio n 
a diffused shoai affoclmg the giound southwiAL of tho fault so that the enluc ilisplaeo- 
ment is gieatei than the amount drawn by the oftscL Assuming the fence to havo been 
oiiginally stiaight, the total displacement hme was maia than 12 feet 
On Mr E R Sliain'h place, west of Woodvillc, mcosuicmcnts mo aftoided by llic djh- 
tuibance of two fences The mac onutheily (fig 20) is nosi by two \ isihle blanches of 
the fault, and theio is piobeblj nraic 01 less diftused sheoi in tho intmvoning giound 
Thn fence, said by Mi Stinm to ha\io been oiiginally ati&ight, has now two straight poi- 
tions, AB and CD, and the distance bom A3 to B, on the line of CD produced, i>, 15 
feat The second fence, standing a little tai thoi noi th, is mtasected by one visible fault- 
trace, the continuation of the tiace which ciosies the fiist fence neai B On this 
lino the fence is bioken and oflset 8 5 feet The lemnsnt of fenro to the southwest 
is straight, but swerves m appiooching the faulMxace, as indicated in fig 21 and m 
plate 4Da The total diajdaoement of the stiaight paitrana of the fence is about 11 feet 
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Hie tout localities last mentioned me included hi the spnee of 0 5 milo Then seveial 
indications of tlie total displacement, in the oidm ot position horn roiith to ninth, iuo 
12+, 13 6, lii, and 11 lect The lnngo of these dctei mutation* is4 feet ami then appioxt- 

mate mean 13 feel At each locality tlu indicated displacement ronsists partly ot definite 
faulting along one a two planes nl liautuio, and paitly of diltiisisl alieai, distiiliutisl tinu 
a belt ot lock, oi at least a belt of noil Al-cach locality tlie indicated shcai is all ill one 
dncction At each locality the mcnbuicmcnl dcpeiulb Tor its nullioiily on tlu* assumption 
that Die distiiibod tenu oi low ot lien was onginally sb night 
Eight miles fiuthci noith, at Mi W D Slnnnci's place, neai Oleina, Uie entne fault is 
appaiently conocnliatod in a singlo nonow lone, and tlie suveral niisisiueineiil- mmle 
aio m dose nccuid Tim fence 


south ot hn bain (fig 22) was / 

offset 15 5 feel The bain, be- f 

naath which the lault-tiace pant, * / 

lemained attached to tlie faun- /— 

ilation on the southwest side, hut £— ( 

wasbiokcn horn it on the noith- / 

want side and dragged lh lert f 

A path in the goidcn, oiigraally 
opposite steps leading to tho j, 

poieh, was oflscl 15 foot (Plato *, 

3Sn) k row ot laspbmiy / 

bushes m tho gaiden was offsol f- 

14 5 feet Tlie mean of these i 



four mcasuioments is 15 25 tael, f 

and llien rango is 1G teat 

Tho load tunning southwest ■*" * «* « — nwfcn amuib ■» Hum or b r huwb, m> 
horn Point Reyea Station and <n 

ciObsing the \altoj at tlie hcml of Papeimill Cicek della was olfset 20 Teel (Fig 23 
and plate 47n) As tlie fault-tioee at tins point was lielneen 50 and (Ml feet wule, and 
as tlio embankment ol the mod foi that dihlanre was Inoken into sevmul pieces, it was 
not possihlo to make ceitaiu llial the disseveicd leinuanls of tlie load luul oiiginallY 
been in exact nlincinenl It is piobablc, liowuvoi, llial tlie mnil was appioxunutelY 
hhaighL befoie tlie catlhqiiakc, oral llial the exceptionally gical ollsel at tins point is to 
Ik> explained an tlie lesult of a hoi uonlal hhifkng of the mil fui e inaLi'i inis Hie einlruik- 
ment of llm load icstcd on mnislij giouml so soft Hut a jxii turn nl the embankment Mink 
iiiloit,iindinataiialol this ehaiacloi was in otiu'i localities donionstnibly shilled 

A numliei of othen measuiemcnta of displucement wmc inaile, but these, toi \aiious 
icasons, do not soom woi thy ot leeoid, altho some ol them were noted m on eailiei repoit 
Sevcial wmc connected with the dislocation nl hails, but in evoty nueh inHlnneo the bad 
made only a small onglc with tlie stiikc or tlie faulL and part ol it was btoken up along 
with the hactmcd fcuif The endeavoi to find moie favornhle angles ol inlciseetion diew 
attention to the fact that bccauso the dominant bend of hdls and volleys in the Bitt is 
northwesUsoutheoat, the lines ol enay bavcl, minor os well as main, aic hugely painllol to 
the faullrbooe Othei mcasuioments wcie connected with the oftal or fences, an*l, altho 
definite in themselves, havo little value because thcro u lcason to believe Lhcy loptcfaenl 
only apart of the lornl displacement Tho put lepiesonteil by them ib in cvwy earn leu 
than 10 feet It u notewmthy in thin eonnecLion that moat farm fonecs which weie 
intersected by the fault-traco eithei teiminatod within a fow vuds of it oi changod dueo- 
tion at about that place Lika tho bails,they weie adjusted to topogiaphic peoulunitMB 
created by euha faulting along the aame line 
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Hie phenomena of veitical displacement me in geneial so inagulai a* to uulieale that 
they weie deteimined chiefly by surface conditions Whme the giound hloped towaid 

the noithwest the homonlal thiow caused an 
appaient veiticnl downUiiow to the noithcasl 
(Hate 48a ) Wheie the giound 'doped towaid 
the southeast an appaient veitical thiow to the 
southwest was pnoduced Whae the lault- 
tiace fallowed a noiiow ssg inteilupting llio 
side slope of a iidge, the appaient \eilical thiow 
was on the Bide towaid Uie iidgo, on mdioalod 
m the disgiam, fig 6 (Bee sl&n platas lOn and 
48 a) The only unqualified lecoid of \mtical 
displacement is on Feppei Island m Bolinns la¬ 
goon, whoie the mean at seven mcasmemonts 
shows a downthiow of 12 inches on the noith- 
esst side The question whcthei the laulluig 
along the plane of mptuic was accompanied by 
tlio elevation oi depiession ot laige sieob will 
be dmeust in anothei place 
Movement nmmal to the fault-plane —Whoio 
the taiiU-tiacc is a tiench, imperfectly fillodby 
fiagmcnts ot soil and look, it is eloai tliat Lho 
walls or the fault Btand faither apmt than bcfoie 
the earthquake Wheie the fault-tiaco has the 
eoholon phase and consists of a system of macks, 
not aeno m panm d by visible elevation of the surface, it is also evident that tho walls 
stand faither apait Wham the fault-tiace is a iidge, composed of fragments ot soil, 
with mme oi leas intaisUtial void, it may be assumed that the voids sie at least equiva¬ 
lent to the iidgs in volume As the fault-tiace is wA up 
almost wholly of these thice phases, it tallows that in the visi¬ 
ble pait of the fault its walls did not appioach as a icsult of 
the faulting but leoeded a little 
In this connection mention may be madii of the feet Hi**- 
at the Shaftoi ianch a fault cievioe was momentanly so wide 
bb to admit a cow, which fell m head fiiit wnH was thus 
entombed The elosuie which immediately followed left 
only the tail visible At this pomt the fault-tiace was a 
ticnch 6 oi 8 feet wide, and the gpnmal level of tlw soil blookb 
within it was 1 oi 2 feet below that of the adjacent undrn- 
tuibed giound 

One suggestion m connection with the lccmion of tho 
fault walls near the aui face of the giound is that tempoiaiy 
btleases incid e ntal to the faulting caused poimanant com- 
piession of tha adjacent teiionss It is a fact familial to 
engineer that most superficial tarnations, while m then rm n -DhIobu ind snn 
natuial, undisturbed condition, have a btructuie involving !!i!?. lB 5L. "J* 

voids, and that they may be compiest by ovsipowmuig this N Unat uhumd aula of 
structuie But, if I understand tha mattei, such (tarnations 
sie not compressible (except elastically) whan their voids am full of watm, so that 
accommodation for dilatation of the fault-sons could have been made in this way only bo 
far as the ground was dry Ab the giound was full of w ater m many places—including, 
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foi example, the locality of the cow mm lent, tlio Paiiriniill delta, mul Peppes I sland — 
the suggestion ol lalcial compirshinn wins ot litllo avail 
Another suggestion is (Jut the sin laic phenomena an essentially icpicscntativc ot 
what attuned at gicalts depths— tlml is, tlml in ilepth, us well oh hupcificiolly, (lie 
faulting loll the laulL nails (ailliei a]ml Ilian they wise heroic Ftssuic veins show 
that voids have ollrn lesullisl limn snlili 110111*011 taulling Unless the unfair along 
which tlio mmrment otcumd is niallu nialirnlly plane — 01 cnnloinw to some cipiully 
difficult geonieluc coiuhlion — Uie two lault walk should mil acciualely hi togcthci 
aflei the movement, I111I slioulil trail to maintain contact thin only a pint ol then orient 
It Ihiu a pail ol lluu orient they aic M*iiaintud, I lie walls aic on llu* avcingu Inilhci 
apail I hnn lieloic 

Tlieie would nifissai ily lie some mljuslnicnl thin cluingis within the Kirk uias>cs on 
the two bides ol the lault t'oinpicssivr stianis would lx* locally incieoaecl and icduced, 
ami tlieio would lie sulxmlinale niovemonts amimg the nunoi caith blocks of the gieat 
slim 1 oone whose suifaco lealuics appeal in the Hitt We linve evidence of such adjual- 
inenls, m fact, in Inanches ol the faull-tineo uml in a system of hcdiock tiacka picsontly 
to be dcscnlicd, as well as in tlio suh-uloncc of tlio bottoms ot hags in the linnicdiate 
viciuilv of the hull Intel pi el mg nllioi sag phenomena in the light ot the bug sag of 
Lho Papa iuiD Cieek delLa, the lault or 100(1 appeals to have |iei milled a vciy ronsuleialile 
volume or mates ml to sink into its hssinc 

The gcnraal lemleney of tins discussion falls m hue with a geneialualiou nb to Llu* Rdl, 
which 111 tho UohiiAs-Tomalcs ugion appeals to sliow distmellv nunc local subsidence 
than local olo\ alum 

Entliet faullrliaee* —Because the fuluie is to In judged by the past, these is much 
lnlcicsl m the ciueslion ot the fiec|iienov ami recency ol fault movement along llic Rift 
jncvious to lINNi In my lain nludics of the Rift licit, I liavc hail 111 mind the po*ulnhly 
or discoveniig taiilt-tmoes similai to that ol 100(1 but Ions ficsh in appeal mice In tho 
klllc lilulls at the edges of sags, anil 111 Uu* pond* ami maisites, [hero is aliuudant evulanec 
of eaily faulting, but it ih csKsiUally geologic and docs not ncccHsiuily [icrLam to occiu- 
1 races or the jnst eeuluiy or two The rault-liaee, howevei, h a 1 datively pin nimble 
niul tiansusil plusuimenon, and its pieservation might have comimiativcly definite 
meaning 

At two localities I thought I diseoveied old fi tiaees ,> of the lulge type In each case 
the featuies nrciii on a hill hlnjie wlieie llu* liace inaile 111 1 <MM apperns 111 seveial divisions 
01 bianclics, ami wlial I look to In olil 1 1 arcs aic thstiuguiHlusi chiefly l>y the ahsenn* or 
cmclca The localities aie close tngelhei, almit 0 'i mile south ol llu* Nhaltei ianeh, anil 
may lie ulcnliHcd by means of plate 48 n Tho leotuies occur on lho slope at the left, 
hut aic loo liubflnite to lx* iccagnijnl in the view If these old tiaccs have hern pioparly 
ulcnlificd, they aic of veiy model ate anLiquily I sliould suppose that the iidgcn of 
the icaent trare would lapac to Mich a condition in rout on five jmus and that they might 
peiaisL, undci pabtuie conditions, foi two 01 thico decadus The hibtoiy of tho icccnt 
tioeo tshows that a single plowing moans cllaoomcnt, Imt the gonmal appearance of the 
field in which the old bares ocrui mdicatca that it wan novoi plowed 
(backs —In pnduunuiy icpoitn I have claosiflod tho caithquakc eiaoks as pn- 
maiy and oceondary, tho pumaiy bouig occasioned by strum which existed lnfoio tho 
caithquake, and the aeeondaiy being eoused by tho caithquakc With tho multiplica¬ 
tion of obacivatiana this dassifioation has bccomo lmnanwigly difficult, and I now find 
it moic oonvonlont to group the naeks aa eupcifieial and deep, 01 bupciflcul and bodrook 
Many of lho superficial craclm uo m alluvium In tho field oxcinBions of Apiil and 
May, 1900 , they weie ecen m all alluvial founatione within the Ritt belt and for eomo 
dialanee on each tide. The groatci numbci appealed to be mooly putuigs without 
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veilicol 01 horizontal thiow In general they weie not punllel with one onolhci noi 
weie they otheunee systematically oil inged, except that some of them nine apt to 
occui along the boundai) between alluvium and a fiimci foimntion They were iam¬ 
bling r&thei than sti eight and wne otten blanched They langid in wullh hum a 
flection ot an inch to aeieial mchca The)' wne seen fiom the liain in tho bottom¬ 
land ot Papeimill Cieek withm a nulc ot Point Reyes Station They were also ^cen 
in the delta of Papeimill Cioek, in the bottom-land of Olema Cieek noni Oloma, and 
in the delta of Pine Gulch Cheek. They weie seen in the bottom-lam 1* and delta’s ot a 
numbai of email oiccks entoiing Tomalce Bar fiom the west between Iniemen and the 
head of the bay Othoi localities weie talal maishcs at tho head of Dolmas Lagoon 
CpLitc 49nt, at the head ot Tomoles Boy, and in small estuaiie* ncu Invrinoss Tliev 
weie alien in the maish of Beni Valley Check near uheie the stream joins Papciniill 
Cieek, and a load ambankment uowng that maibh was olahoiatcly (sacked and tault(*d 
thiu much ot its extent 

It is notew 01 thy that tho neighboiuig mod naming a mai^hy poition of the Papci- 
mill delta was much loss slacked, and the diltuunoc ia piobablv to bo ascii bed to the 
ditteience in height nnd shength ot the two embankments The thinnei one suffered 
the mare 

The localities enumeiated ate mcialv tlioso which came umlei obsoi\alion Within 
the zone ot high intensity no raarehet. mil no bottom lands wme soon which did not 
exhibit macks, and I lcgaul then clocking os a geneial phenomenon Tho olnboiate 
clocking of a inadway acio®s one of the maishcs socme specially significant In tho 
adjacent soft marsh close attention wne nocasuxy to discovm clocks To alaigo extent 
they wme concealed by the \bgetotion, and it is piohable also that many which weie 
opened riming the earthquake agitation immediately dosed and wme pi actually 
obhtraated by the welding of die mud But tho read wmbMiKmimt , hain g fico fiom 
vegetation and composed of compelativcly ligid and buttle mateiial, lotained all the 
a oaks made dining the agitation, and thus saved to leoard the thoio shattming of an 
uneonsolirlated toimation whoa subjected to sbong vibiation (Plate SO ) 

Anothei doss of eupmfleial macks affected biDsides, penetiating only tho ennting of 
loaso mateiial—dccoinposod lock and talus The conspicuous individuals of this I)|io 
jjc those lliat lollow oontoms Along them thane was often a notabla width of ciack, 
aocompamod by a settling on tho down-hill side, end many clocks of this type am 
visible Thev oie m cftcot the hoods of incipient liuhliH— and might with eq ual 
piopiiety bo derail bed undi/i anotlim caption They oie numcious thiuout Uio Rift 
bait anil fanly abundant on strep hillsides foi more then a mile to tho wnt ICasl of 
the Rift thqy oie inconspicuous and believed to be laic Some of tho bosl examples 
oio on tho noitbeoetran Blope of Uount Whittenbmg, about a tiom the raull-tiacc, 
the locality being fBvoinble foi obsenulinn becouso of the afoence ot tmest 

Superficial mocks of a thud type oie rannacted with sido-bill loads (See pint* 61) 
In buch loads there is usually a notch cut m the hiUside and the oxca\ated mateiial w 
thiown outwaid so an to make an ambankment The loadhed tlm* consists in pail of 
tho natuial foi motion and m pait of an aitificial and iblativdy lore ambankment In 
the loose mateiial, and fiequcntly along the line scpoiating it fiom tho fitmei giound, 
ciaoks wme extensivdy developed, often accompanied by evident settling of the oulm 
bank Then magnitude depended in pait on the oheiaoter of the mateiial, but in loign 
pait also on the intensity of the earthquake Where they were of such magnitude as 
to injure the read way they weie soon oblitmated by reed repouois, mH elsewhere they 
tended to dioappeei m consequence ot tho tiaffie, but while they lasted they constituted 
on excellent gpgo ot intensity, and much use was made of them in dish lets where there 
weie few buildings. 
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Bed lock mein ocomred at many points within the Rift, usually appoaung u hianohos 
from the faults Tlwy were seen also at a numbei of points west of the Rift) their ditr 
lubution reaching to the ocean m the vicinity of Point Rqyes, ten miles bom tho fault- 
trace At tho moie umota points they weie quite small, often bnrel> discernible, anil 
no system of oiiangcment wu discovered They aie pcculiaily piominent along the sum¬ 
mit of tho ndgc constituting tho southwestern inn of the mam Bolinas-Tomalcs tiough 
This summit was visited on four lines of rand, and at each locality conspicuous amoks 
woe found On Ilia load from Inverness to Point Reyes Post Office, about a mile in a 
dnacli line barn Tamales Bay, a crack was traced for mme then 800 feet Its general 
trend is east end west, but its eauisc is not straight and it has a branch diverging at 45 ° 
Along this crack theic k a hoiisontal thiow of tiom 2 to 0 inches, the south side having 
moved westward with lcfmence to the noith side 

On tho nevt load to Uie southwaid a gioup of clocks was boon at a point a nule bom 
the shoic of Tomalcs Bay These ciaoks ocoui on a cicst tionrtmg noith west and south- 
OBbt, and theu bend makes a small angle with that of tho cicst Hie airangement of 
tho ciaoks suggests hoiisontal shear, but no definite observation was mode on (his point 
Thoy extend for several hundred feet at least, but weio not bared out 

On Mount Whittenbsrg tfamo are two bediock cracks One of these erassca tho narth- 
eastam spur of tho peak ncai its junction with tho main eiest Its bund is approxi¬ 
mately narthwosl and southeast and at ono point it margins a fault-sag As it assumes 
in ono piano the rulgo phase of tho fault-mop, I infer that it has hoiisontal displacement 
On the opposite side of tho mem nest is a meek which was booed foi about 1,000 foot 
Its gonmel couiao is northweBt-eoutheast, but it is noL sbaight and exhibits a vertical 
thiow of 1 or 2 foot to the southwest At one point iL touch™ a fault-sag Between 
fhaso two long cracks a group of short macks occuiied, with ainular Lrond, an a knob 
constituting a portion of the mein divide 

About 0 miles failha eouth, at the head of Pine Guloh Cheak, another load crones tho 
tango, and m following this a group of craola was aeon A short distanoo west of (ho 
divido, and about a mih m a direct lino bom tho fault-tiooe, is a fault-sag bunding 
northwastrsauthceat On eaoh side of it a mack was seen, the eastern crack being the 
wider end showing a small throw to tho southwest This crock was bsood for about 
0 75 mih and found to curve thro an on of nearly 00° from southeast to southwest 
At its southwest mid, or at least tho Boulhwostm n limit of tracing, xt lo on a rldgo, and it 
thorn expands into, or ebomroplarod by, a gioup of macks divulging fan-wise On eaoh 
member of the group faulting took place, tho downlhiow being toward the nmthwuet 
except m the eeee of two apparently Bhint emcla with downthrow to (ho southeast 
On fora of these cracks Uio throw was greater than 1 foot, end at one place it was 
about 5 foot Each onck was associated with a preexistent bluff or scarp, in d icating 
that earlier movements have occurred at the semo place The held in which tho prin¬ 
cipal phenomena oocur s cultivated with the exception of tho steepei eoarps, whoso 
faoes retain a bushy growth (Bee plates 52a and 53a ) 

A boot lying between this locality and the roast, and extending several mOas m etch 
directum, exhibits a peculiar topography intamediato m type between that of the Rift 
end commonly snmwietftfl with landslidea Near the roast ora a number of bootee 
with ponds or lakes of mush larger mss than those along the Rift, and in —o mn i um 
with ft— are seen a "—t— 1 of sags similar to tho fault sags of the Rift, On several 
hues which wen thought bom the physiography to represent partings between dis¬ 
located blocks, —ftqnihi cncltB wan Been, and on one of then near the coast than 
was a vertical displacement of 8 feet, tho downthrow being to the eouth west. 

AH thru the Rift there s srmisffr"" of iwrthfpislm amoks with fault-sags, probably 
half of tho asgs were bordered by such amoks on one side ar the other, the crook usually 
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following the line of separation between the aide elope and bottom slope In eomo 
iwirtanmi theie was a ciock on each aide of the sag, but nune frequently on one aide only 
Where the bag contained a pond the eiaoW wai usually piescnt With little 01 no excep¬ 
tion these macks exhibit downlhiow on the sals ton aid the sag (See pinto 62 n) At 
least two explanations of these clocks aie possible is the bottom of the sag usually 
Bhows no outnop ot 100k and appeals to consist wholly of sod washt down fiom the 
aides, it is possible that the euthquake caused a settling of the alluvium towaid the 
Hiidriln of the sag and that the moignul mack fa due to this settling On the olhei hand, 
it is possible that a bcdiock wedge undoiljing the sag waa pmmilted to settle duiing 
the euthquake anil that such settling caused the mnigmol mack In tho flrel ca*o tho 
macks would belong to tho superficial dot*, in the second, to the bcdiock dam While 
the data at hand aie not decisive, I am ot opinion (ns alicady staled) that tho clock* 
insulted born some salt ot leadjustmcnt of the small euth blocks whose uppci suifaeob 
deleimino tho Rift topogiophy 

Springe — The gannad testimony of lesidents is that the flow of spiings was modifiod 
all thiu the peninsula west of the Rift As it was plastically unpocaible to got quantita¬ 
tive data, I mado few lecoids of specific instoncoB, but evmv fmm ownoi 01 faim tenant 
of that legion with whom I talked tahl mo of some spring whose flow had boon ineioased, 
diminished, 01 etopt at the time of the ceithqusLe, the chonge being cithei tompoisiy 
oi pcimanent Seveial lakes ot the gioup ncoi the coast (known es Seven Ialras) e\pc- 
licnced changes, tho gieotm numhei having then levels loweied A pond know nee Mud 
lake, on the divide at the bend of Pine Gulch Greek end about a mile fioin the foull- 
traoe, suddenly and pmmsnflntly lost its watsi at the time of the eeilhquake Al the 
same tune a smell spring on tho east side of the iidgp end about 0 75 mile in a dnocl line 
bom the pond, was suddenly pnimgnH, a tmient of water gushing bom it fm several 
horns and then gioduelly diminishing It is suggested with much plausibility by rom- 
dents that these two phenomena weie eoimoated, the euthquake opening a sublnianaan 
couise thiu which the watra of the pond wee conveyed to the hillside spiiog I hoaid 
of no chsngee in springs ea*L of the fault-tiooe, olthe a number of inquinos woie made 

Inlet pretation cj bedrock aackt and springs —The changes in spiings ue of comae the 
lewilta of changes in the conditions of unileiground eneulation, and in a general way 
may be eamibed to the influence ot newly-foimed ciacka The spiing phenomena and 
the visible cracks may be gioupcd togcthei as mdieations of bodiook fiaoluimg, and 
then distribution indicates the region* in which the tocky foundation of tho land was 
mme or less riinttraed That legion includes the Rift end extends fiom it In the ooeen 
The phenomena diminish bomewhot with distance bom the Rift, but the boeluimg 
appeals to have been unpoitent and geneial thiu a belt 4 oi 5 milifa faioad 

Landslides —The euthquake stutod a numboi of lnHwliHn* A fow of theso wore 
on the line ot the tault, especially wheie its lisce intaiaected a cliff facing Bolinas Lagoon 
Olheis were bom dlifb of euth or weak look bmileimg the noaon, one of tho bay*, or a 
meek None wme seen of unusual type or of gieat unpoitanoc, except bom the obstiuo- 
tionB to loads whioh they oennionnd South of Willow Comp a load ovcilooking the 
sea had been cut in the face of pievious landslides, and tho lenswed movement put it 
out of commission In the same mannpi laadwa^b were obebueted at tho cntranco 
to Bolinas lagoon, at two points new the head of the lagoon on the west side, and on 
the ooMt of Tamales Bay at Inverness 

Then were many landslides of the thy type on hllsHlee, masses of earth and rook 
breaking away on steep slopes and tumbling to the bottom The largest seen wen on 
the higjh ndge west of Tomsles Bay, in the virimty of Sunshine RmibIi Closely l elated 
to these weie email folia of euth and lock hem the low olifls created in the construction 
of BKto-hill roads (Plate 53d ) They oocuned at a few places within the Rift and 






PLATE 51 




PLATE 99 




PLATE 53 




THE Etnril U0\ Eli ENT ON TI1E FVULT OF APniL 18, 1808 


77 


cast ot it, but mostly in llic distiict to tin* west, nliuo all of the counLiy luaiU wen* moio 
oi 1 m nbMiuctcd 

On the nest Mile of the main iidgp west of llu. head ot Tomaloi Bay thcio oocuiiod 
two wet sillies In ono ease a lulKiilo bog was loosened liuni the alope on which it tested 
and descended as a flow of mud to a can) on bottom 1(10 oi JQO feel below In tho othci 
uiso the eaith lxncalh a net meadow in a lallui bleep oanyuu (lowed down tlic canyon 
toi about 05 nulc, ouspowning tires on its way aiul leaving a deposit 15 oi 20 foci 
deep in places Tins was the hugest individual slide obscivcd 
In all tho ca«n mentioned the conditions weie such that blidcs would have lokun 
placo at some tnne luul die eaitlii|iiake not oceuiied But this statement may not 
pi opm ly apply to the cases about to he mentioned 
On the 1 sleep southern face of Mount Tamalpais n numbci of locks wcio loosened and 
idled down die slope, mmiiu or them lmng laigc onough to cut swaths tluu the thidkot 
wlnoh weio visible loi months afleiwaid Hinuloi swaths wme soon unilci a mag m tho 
vicinity of Willow Gamp In the bottom-lands ot ciecks H linppeued at many places 
that a blue of lira alluvium was sopsioLcd by a mack paialld to tho bank and did into 
oi tow aid the ulicam In some cases alluvium lying with a genllo dope adjacent to a 
innidi slid toweid llu inaidi, opening a oiaLk along iLb upper edge 
Mention has alicady boon nude of nuincnoue hillside clocks which maiked incipient 
landslulus In nuh cants tho downwud motion appai cully began duiing tho earth¬ 
quake agitation, but Lhc momentum acquit ed woe not sufficient to continue the motion 
aftci tho eailliqunke slopt In a vay laigc numbci of llu.se localities motion woa 
icsumod and landslides oceuiied dunng a pmiod of nosttivo lainfall in tho opting of 
1007 (Hales 54a and 55s) So Ter as my obscivatum gone, ell of the landslides having 
this lusloiy worn wet, the nialnul usually flowing freely down tho dope na a thin muil 
The piobaldc explanation is that lira oiackh mode in April, 100(1, staved to admit the 
wata flowing ovci the mu race duung the lerns ot 1007, so that tho material which was 
too diy to flow in 1000 acquit cd die proper loiNsloney end continued its com sc die fol¬ 
lowing ycni Tho numbci ot landslide* which thacailhquaka induced in this indiioot way 
is possibly sb lergu as the numbci which wmc an immediate consequence ot tho shook 
The phenomena of huuklidcH bung to attention contain conditions of flow which affect - 
a vaiiely of cailhquaLo feoluies Consolidated foimotions liold steep slopes by vnluo J 
of cohesion Incohaont foimations moinlam tho "slope or roposo"— 30° to 85° — 
by vutuc ot tho lcsutance to doling, a the static hiction, of tlian psitides Goitain 
foxinatuina, ucluding Bonic clays arul rlay mixtuics, bocomo coherent by drying and 
mcohciont by wetbng In cohcn cut formations, sa a iuIo, have a lcm coefficient of 
fiutum whan wet than when diy Foi these lessons Uic addition of wntn is tho orduaiy 
immediate cause of a landslide, it ovci comes cohasion, a olsc it ioduea the fnaluxnal 
lesutance, end slipping oi flowing is the lesult Duiing a sliong csithqusko, ■g’frfap" 
ovcicomos tho cohasion of foobly-cohmont foimations and suspends tin opointion of 
statio fiutum betweon tbs particles of incoherent formations, thus affecting Uu materials 
somewhat as water offsets them. la the caso of landslides, it may enable on incoherent 
dry formation to flow as if wet, and it may temporarily givo to on incohaent formation, 
wet or dry, a condition of quan-bquidity — 

Ridging mi shifting q/ tide Zands —The genual width of Tomalcs Bay near its head 
is about a mile, tho it is canstneted at ana point by a promontoiy jutting out bom the 
east dune (Fig 21) Pspemull Greek, entering at its head, has built a ddta which 
slopes so gently toward tho deeper water that the tides range over it for a rfwtwM of 
about 8 nudes The upper half of tho slope u eoveied by vegetation of various lands 
and the lower half is of bare mud In the region of vegetation the sod has sand as well 
■a mud, and tho bed of tho stream is of send and grsvd Ab tho delta deposit bos been 
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built up in connection with a ahiltug ol the bhcszn channel, 01 Lhanni'U, it it> piobablv 
compos'd of an iiicgukr alternation of mud, sand, and gia\el The laull-liOLc, ns 
aheady daaonbod, passes thiu tho midbt of tho tide lands, lollowing the a\is nt the 
depletion whioh oontains tho bay Continuous with the mud ot the Ihwpi slope ot Lhe 
d»l*». ■ a mud shoal following the wehtein shoio ol the liay past Intcinoss This shoal 
oiul othei puts of tho tido Tunis ane urn soon attn the eailhquako liom the load 
which follows tho west shoic of the bey tolnvcinaes, and a tew photoglyph* aeic maik 
Other photographs wwe mode at suiow dates atteiwuds, and the tide lands wme 
exploicd on foot on Apiil 18,1007 

A luge poition of the delta was thiown by tho euthquaLe into gsntlo undulations, 
tho diffaaneo m height between tho swells and hollows being usually less than a foot 
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Tho chief evidence of this ■ found in the distubutum ot pooh nt low tide, and whsie 
vegetation is present lhe evidence bom pools is supplemented bj that fiom the immiHiHhii 
of tho plants Tho undulationo weio not elongate and sac not found to have a sys¬ 
tematic relation to tho fault 

When the tidal mud was first seen after the earthquake, it was obseived to bo covoiod 
with ndgeo and troughs (Plate 61b ) This corrugation was gisduolly smoothod out by 
theaetionof the wnvea (platesfifinand 6&0, so that at theespuntum of n you its ovpios- 
sum «u lazgBly lost, tho a few of the loigBr ndges eould still ba traced, and much of tho 
plain retained a pattern impnston it by the ridging It is ptobable that the entno tiset 
of tidal mud was then effected, altho the ndges wao not seen on the uca lying neuest to 
tho east shore Thnt area did not come ™h«p obseivation until after tho spiing floods 
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of 1007, anil il vu tlion oiaibpicad by a Flash deposit brought by Papoimill Gkoek The 
lidgn voitod aomewhat in height, the amplitude fiom ciest to trough longing horn 1 to 
3 feet and poaibly moto Then gcncial ticiul wn* pwnllnl to the fauU-liato, but tlicic 
weie notablo o\cepluiiis, and ova sinull tiaols thediutlion wan c\cn at light angles to it 
In soma cqwb, wlicio the minoi iidgn wcio paiullrl, tlicio wcic Luga iidgcs lia\cising 
ilioin obliquely Fig 25 icpioduecs a sketch map cf Ilia local¬ 
ity showing tlra gioatest coinploviLv So lai as lira bioail undu¬ 
lations ot tlra tula lands wnc soon in ooujunclion with the 
lidging, the giealci ndgcs wac on lbs swulls and not in tlra 
hollows 

Witlioul going deeply into lira question ct mla pi elation, it 
would scan that in tlra pioduction of tins mlging the tidal mud 
must have behased aa a quasi-liquul, being thiewn uito waves by 
the agitation to which it was subjected. When (ho agitation 
oaased it baeainc cnee mac a quau-solid, and |nasa\ed lira foim 
it liad at the moment of change 

Thao was also a hoiisontol shilling cf mucl ova a oonsulciable oioa Residents 
fsmdiai with depths of walei in the vraiiuty ol Invmneu staled that the coiLhquakc 
caused a decided shoaling along the coast, but that lira i elation of walei lovols to (inn 
gicunil was unolmngod It was also n Luted that a cbannol which liad existed pmidlol 
to the west shoio cl the bay, and to winch pieis liad boon lun, was obbtaalod by tho 
cailhquaLo The dueling might have boon caused oilhai by an uplill cf the bultom 
a by a shifting of tho mud of wbidh it is oomposed towaid the slunc TluiL lira sooond 
of those oxplanations is ooucot acorns to bo shown by the fallowing foots 
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At vaiious places along the dune, fiom Invciirass to a point 1.5 miles southwaid, the 
tidal mud seemed to be eiowdod against tho fiimei giound at U 10 shme, being pushed up 
in a lidge, os shown in the Bccompanying photogiaph (Plato 55 d) Two pram at 
Invaincss, light wooden stiuetuies, testing on piles and extending out savcial bundled 
feet fiom the shoio, weio talcsoopod (Figs 20 and 27) In the caso of Mailinolh'a pm 
the telescoping was shown by the mdmation given tc piles at the landwud and baywud 
ends, bom which it appears that the giound in which the piles were set was aouded 
together, so that tho foundation of the pus was shmtoned, while the eupeiatruotuio 
resisted dim temng The resistanae was tompaaiy only, for before the agitation eoased 
tho piei was broken in two, and the inclination of tho piles is supposed to have boon 
given during the call} stages of the taemor Oomoidsnt with the movement of the 
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giound toward the ahoio, theic was a movement puullrl to the ehme which hed tho 
efteet of ottbetting the outei end of the pin about 25 krt tomud the not thwest (Plate 
57a ) The lesultant of tho two movement*, 01 the actuul ducction of shifting of tho 
mud, woe westweid, 01 a little to tho noith of west, and the maximum -slutting in that 
diieation was not less than 30 feel Bathm mou. than halt the pun, the pail neaiei 
the shuib, icmaued stiaighl and eulteipd dueflv fiom the slanting ot its suppoiUng piles 
This put stands on the submaged delta of a small meek., oiul its foundation appeals 
not to have shifted The outei put sulteied mast violence neu the junction ol the 
shifting mud with tho hunei giound, being thaio so completely wieaked that its plat- 
foim tell The photogiaph and map lepiesent it attei lspans hail been medo 
In tho case ot Buley’s piei, which is beyoud the delta, tho most impoitant telescoping, 
as shown by tho Anting of piles (fig 27). was close to the dune, and neuly tho whale 
s true lino was lisnspoited by the shitting mud It ako sagged mate than a foot just 
beyond the middle, and tho attitudes ol tho associated piles suggest that tho sag coi- 
mponds to a hollow made m the smtsee of the mud The piei was so badly bioken as 
to isquiie extensive lepous, aud in making these lepaus Hi Bailer used tho old mateiial 
tor Homing, but found that ho had enough lumbei lemaimng tai 12 feet ot floating, so 
that he intciied a uhoi teiung of 12 feet The whole piei was shifted to the noi thwest, 
being given a cuived toim (plates 57b and 58), and the maximum amount of shiflr 
mg in that dueolion was at least 25 teet, id tho the cuGum&tances did not edmit of 
- accurate messuiement Combining the movement towsid the shpie with the offset 
puallel to the ahoio, it is probable that the dnection and the maximum amount of 
shifting weio about the same as in the esse cf tho Hutinelh pim 
- It is a notable featuie of this displacement that the distuibed mateuol moved up tho 
slope instead cf down, so that the ttsifefei was not onjy independent of giavity but 
opposed to it The phenomenon, theiefoie, does not Call in ihesame ootegmy with land¬ 
slides, and if pioperly inteipieted it may thiow light on the mnnli«ii«i of the «*«tliqiinlH* 
- pulses * ' 

The uea thin which the shifting of (ho mud took place is indeteiminete It aflected 
a shoal puallel to tho west shorn of the boy and moie than a mile long At the puis 
the width of the affected legion was at least 400 feet and may have been much nune 
The ippoited dosing of the channel suggests 700 ci 800 feet a» a minimum estimate, but 
the outei mugm of the affected uea was probably beneath the watei of the bey and 
outside the range of obemvation The fiimm put of tho Pspeimill delta appealod not 
to bo included in the movement All cf the uea known to be affected lies southwest 
of the fault-tisoe, which m that neighborhood is about 3,000 feet from the ahoio 


the Qumnoir of local elevation and mpnessidn of land 

Inboductory —Di C HaitMeiimm whs told by an Indian living near Marshall, on the 
northeast dune of Tomsles Bay, that since the earthquake the darn bdt on that dune 
had been less accessible The tides also osme high— than forma ly, the ligfc-t tides 
surrounding his cabin, wheieaa formeil> they did not raach it Mr C J Posse, of 
Olemn, also stated that the dim industry on the northeast shine of Tomsles Bey hod 
been much injured by changes due to the euthqualce Thu President D S Jordon I 
was put m communication with Dr B 8 Bouthworth, of Bohnas, who reposted various 
phenomena indicating a lowering of the lend on the east -H* of the fault, mH a lif tin g 
on tho west side On September 27 and Octohor 15, 1006, hwng in Rnlm— md its 
vicinity, I mode a preliminary examination of some of the features dsenibed by Dr 
Bouthwoith They were of such a chuecter that it n f mii HmwHa te enlist the aid 
of coologists end botsmsts, and to this end a eonfemnee was soon afterward m 
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Beiltcloy, and oiiongemonlB wuo made tci held cxiumnalioiiB by natuialistb On Oclo- 
bci 20 Picfeefcoi Willum E Rillci oiul Mi E L MnJmdl wont to Bodega Boy, whuo 
llicy spent sovcinl dajs, uul al lhe umc lime Piuf* Cha* A Kufoul, II B Toiiey, 
and R S Hiolway vi&ited vaiunn points on the shmca ot Toranlca Bat and Tomnlcs 
Peninsula On Novrmbai 21 and 25 Piclcwm Kofoid accompanied mo to Bolinas fci 
Uie propose ot gntliuimg such cudcnco as might be alfoidcri l»v mnimr imcilcbialcs 
On Much 8-0,1007, Piolcnm Holwny and I Yiaitod Bolinaa, ami on Apid 0-10 I was 
accompanied by Plofessoi Willis L Jcpson in llie same locality On Apnl 181 mode on 
examination of the Papci mill Cioak della at Iho head ot Tanaka Boy, and on Apnl 22 
visited tlio sand-spit sopaialing Bolinas Lagoon liom the ocann Tlio lObults of tlioeo 
vaiunn exeromons aie Minimal ixod bolow, and icpoils by PicliMUib Rillci, Kofcid, 
Ilolway, and Jepoon aie appended 

About Baiinoa lagoon —In piescnlnig tlio avidonoo as to land-inavamcnte in tlm 
viemity of Bolinaa lagoon, fiisL place will bo given to testimony ot iiaidcnls, and tins 
again will In classified accuiiling to locality, beginning willi the featuiao west of tlio 
tault-tiace 

Di Soulhwoith hoe Used in Bolinaa aeveial years, ami hia anUvitiaB dining that peiioil 
liavo led him ulo almost continuous obeoivaban of tho onast and the lido Tliere i* a 
nln.m patch on tho ocean tiont between Bolinaa 
and Duxbuiy icef (boo fig 28 mul plain 60 b), 
to which ho boo frequently looorled at mutable 
stages of the tide It has bam hio custom 
regulaily to consult tho tide tables to Room tain 
wheUiei tho wotei etage would expose the 
patch lie repute that before tho oaiLhquaka 
there were otdinaiily about foui low tides in 
the month, oemnung by daylight, duung which 
might be obtained, and diet smoo the 
«nui.iiqnnifa twenty oi more days mo available 
lie infers that Lius lend was lit tod at least a 
fool, possibly mare, at tho time of tho eeiLh- 
quakn lie stelae also that about 5 milae to 
the northwest there is a tiael, axpasod only at 
low tide, where abelonas are abundant, and 
that panpia living wwu there have found them much moio acccusiblo emee the eaith- 
quahn than before In Bwlmaa lagoon a betweon Poppa Island end tlio 

mainland is not now navigable at catam tide Btegos which farmaly mode It enlurly 
navigable 

Di flhaawi owrun and *w—faw of a veescl plying balwean Bolmaa and Son Franoisco, 
atatna that, fflit wiatly it wee his euetom to turn hie vcbbqI m the channel betweon Poppa 
TfciaTiH end the west end of the sand-spit, but that afLa tho caithquako ho found the place 
too shoal, bo that, after a numbei of trials in which hie vessel wee giounded, he hoe 
adopted the preetaoe of entering the lagoon a torn foot, to avoid the turn 

The following cbeervationa pei to localities east of the fault A load which skuts 
the fit—i «tniB cf the lagoon ta not oltogcthm on iho mainland, but m places follows 
the strand between hig^i and low water, end it it ie used at high watsi the hm see must 
ford Dr Southward! states that anoe the eeithquake these fords have become more 
iiiffiiwiitj bo that to pees tham safely or Qomfoitably they must be leeched when the 

aa iniimatail hy the tahl^ ia In—IP than Ufa* fmmgrfy IMPIWSm y Ml B C MOUSO, 

however, who lives on the mainland east of MeKennon Island, and who ordinarily crosses 
tha legoon to every day, states that he hoe nnfanwH no change m the i elation of 
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walci to l«««l along hia watei-front Di Southwoilh has found the navigation impimcd 
at vaiiuub places in I ho aastein put ot thL Ligoon, the walei beuig deepei than foimeily 
foi the uma noimal stale of the title, anil this nirsci ration is aonhimcd bj Mi Moise, 
who now at high lido sail’s o\ei a poition ot MoKennan Nond which could not toimoil} 
be ciost with a boat Vaiious lesidcnte aiu of opinion that the band-spit, except at its 
ertieme western end, b loau than toimcil} A lady who has lived at Dipsealnn eevoiul 
yeaiB states that beioio the eaithquake the spit was oveilopt by waies only dining 
Btoim*. with heavy winds, but that sinoe the eaithquake waxes heiiuontly wash ovei it 

It will be okeived that all tins testimony, with the single exception of Mi Mouse's 
ubseivation ot wa lei-levels noai his honne, tends to show a genual unking ol the land 
east ol the tault, ami a genual using of that to west of it 

Fioteesoi Kotoul, in beekug evidence ham the dutiihution ot maiine life, found the 
1 e» mmla the most a\ ailable loim It is abundant at many places, iU> shell lemains as a 
witness atta the death of the animal, and its upwaid limit bens, at many places, a 
definite islation to the line of high tide The best places found fai others abon weie 
cuiun gioups ot piles at BolindS and along the noithesbt ehuie of the lagoon Rom a 
study ot these localities it appealed that in the uppei put of the barnacle sone llic poi- 
centags of dead shells is notably gieatei on the west Mile of the Tault than on the cast 
side, but theie is not a wdl-nuu Led sone of dead beinaclcs on the west side, noi u thoie 
a «o nn of evrlusive >oung bunacles on the east side The evidence thus gives a qualified 
buppmt to the theoiy ot elevation and BubsKlenco Outside the lagoon, on the open 
sca-boni, the uppu limit of bunacles n too indefinite and nieguLn to be avadable toi 
a study of this chuactu 

Viuting Psppu Island in company with Piofessm Hoi way, I found (ho paution of 
tlic fault-tiooe demly indicated by a diftorence in thecolm ol the vegetation The island 
u low, only a nuiaw ship at the south lemaimng above water at adinaiy high tide, 
and fiomthis ship Ibete u a gentle slope tawurt the noith and noithwesl The vagela- 
bon on the highest pul is somewhat vaiieJ, but the lowu alopeB bib occupied ahnasl 
wholly by a single species ol Sahaimia (pickle-weed) Hus is locally the lowasl lying 
cf the shoie loims, and it descends the slopo to a somewhat defiute line beyond which 
the mud is bate It is evident, thaefoio, that its lowu limit is deleinnnod puioly by 
physical conditions and not at all by the competition of othu plants It is thus pooul- 
mily senubve to changes m the 1 elation of land to watei West of the fault a bioad 
aioa covued by this plant presanted, at the time of the vioit, a biownish-giccn aoloi, 
while the adjacent ueob east of the fault had a dull biown calm The oonbaal was so 
atioag that the eyo could readily bane the line of tho fault We tound also the 
ground east of the tault was, in genmal, lower than the ground at the weat, and I oftar- 
wud made a senes of meaememente showing tho awn age diffmenoo m elevation to bo 
12 inches 

Peppei Island was subsequently szomined by Fiofessor Jep^on, who not only booed 
the biown calm of the Salieornui to an abundance of dead and dying plants, but lound 
eoneuleiahle conoboiative evidence in tho condition ot othu speaite living at dightly 
higher levels On MeHennan Island a umilsi condition was found The n girt 
b> a zone of Saheanta, tho outei ai lowei belief which wee found to bo biown A single 
meesmement of the vertical nnge of dead and dying plants gave 10 mnhe« 

The northeastern Bharo of the lagoon whs examined foi evidence of umilar chaiouter, 
but the icsiilt was lees satisfactory The lowest plant growth is not everywhere the 
some and the looel conditions ue materially diftaent The slope is less gradual, the 
sod is more giavelly, and thmo is deposition of dsbitus eioded horn the land by sbearns 
end waves At some points a belt of plants at the extreme limit appeared to be suifei- 
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ing fiom borne adveibC coiuliUon, but clsewlioic Uic noinial giouu uilui was continued, 
to tlie lowest limit At Iho head of (lie lagoon and just to llie cast ol the fnulL-tiaoc n 
a considerablo liail of SaliLurnui, cl which the low-lying peats diowed a brown color, 
but tho dnti ibution of \ igoicnc end sickly plant’s was 1 ms simple limn on the bland and 
its causes weic not lully unilcislood I attci wards visited Ihc noilh dope ot tho spit 
to sec it the condition ot its vegetation couesponileil to that on tho blinds, but tound 
Lite evidence complicated by anolhm fnetoi Tlie oveidow ot llic ispit by waves (lining 
the past winter bad wsshl a coibulcrablc amount ct ’sand down tire north dopo, and this 
sand suAucatorl lugs liacts cf Sahconiui and othei plants 

In the ilbCUSbion of these data, the hist point to bo noted b Llut the lilhng of tiahoiiniu 
lluu the lower part cf its sona definitely indicates a lowonng of Iho giound on which it 
steads Tlie plant nmnially liavcls down Lite slope oe for as H can tolmalo Uic tidal 
bubinaigenes and there stops, and its niability to Bustain ilsolt in a wull-dcfiiied bolt 
consliluling the lower put cl its founoi iangp shows that tlie subnimgonco in tlie bolt 
has booume lnloloiablc The amount ol submcigance b drown by obsoivstion 
on McKannan Island to bo nt lead 10 inchcb, and if ullowanco u nmdo for a coilain 
amount of lag m the ipeponae of tho plant to elmngie of condition, the lowmng of 
tlie land mil}’ Imve boen savoiol inches marc Ilian this It McKonnan Island and tho 
eastern port ot Poppoi Island subsided tho snmo amount, it u piobublo tliol llio only 
cluuign on Puppci blond was a subsidence ot its eastern pul, Uic woblein put n>inun- 
mg at its toimoi level In that esse tho unount appeals sulhcioul to eoeouiil fi i the 
oveiwashing of the spit, olLho no moasuiomonl is Uicre pioolioablo 

Tho tiaot of land, whose subsidence appears to bo demonstrated by the botanic ovuleneo 
and the o\ ci lopping ol Uin bpil by waves, is bouiuled on the southwest by tlie fault, but 
its oilier limits ue not known In Uic immediate vicinity of the fault it may loaoli the 
head of Uio lagoon, that it don not extend boyond is icmluiod probable by tho tact llisl 
Llioio is no \oitionl dislocation m the fault-liaco at a point about one mile noiUiwest of 
tlie lagoon wlicro the Usee is favorably exposed on flat giound It inny bo passible that 
tho ai oa ot Bubsidunco is hmilud on the norllioast along ail old line of dislocation wlirah 
coincides oppicximalcly with the noithoasl sulo of Uie lagoon Tins dislocation has not 
linen dolmininnd by a Bludy of Uic geologic stiuctuic, but is indioalal liy tho physi- 
ogiapby, and wae piesumabl} concerned in tlie making ol Uio basin occupied liy tho 
lngoon 

Hie svidonco of elevation west of Uio fault is let* uuluncnt Dr UouUiwoith’B obseivnr 
lions on tho alun patch give a piasumpbon in foiai of dcvalicn, but they uc not well 
Buppmied by the avidenoo horn nn^lwi and plants Tho liolanio miilonoQ indicates 
that the ontue dislocation shown by the mcasuiamcnl on Popper Island is a subsidence 
on the east and doos not include elevation on the west The evulonco liom tho barnacles 
suggests, without piovmg, a slight dm stun at the Bolmas whaifd, but b}' no means mdi- 
oatee bo gieat an elevation as would be noCoesaiy to acoount for Uic increased facility in 
teaching the olein patch Di GUessan's lepoit of the shoaling of walm m a channel neu 
Pepper Td«iri undoubtedly shows a local change, but such a change may have boen pro* 
by a hansantel shifting of uneonsobdated znaleiial such as oecuirad m Tomalos 
Bey On tho olhu bund, it is not possible to explain the phenomena of the dam patch 
by a hypothesis cf duftmg bottom, fa the —nri in which the cluns live is contained u 
shallow besms of visible jnnluml^ any obenge in the i elation of Bin face to tide at that 
point is a bedrock change As the Bift bolt with i(b numeious eerlioi dislocations arc* 
tends nearly to the «!■«* patoh, it is not impossible that then wae differential movements 
wert of the fault-hne and that the ground occupied by the elam patch and the abolono 
patch nee independently of the western division of Popper Island 
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About Tamale* Bay —PiofessoiB Kotoid, Toney, mid Holwav dimmed practically 
the whole dune of Tomales Bay, end also visited the oulei 01 ocean muIq ot Tomaln 
Point Their attention was duected especially to the condition of boinaclcs aL llio upper 
limi t, ot the ■«"«» of maiine life, nod the evidenco they found docs not show nnj cliuige in 
le\el, eithei by elevation 01 eubeulence It la then opinion that the mjiny to llio dun 
induetiy along the noitheastan shoio of the bay ib lefciable to othei causes, including at 
mm points the exceptional inwash of detulal nuteiinl fiom the dune, and at otheis llie 
shifting of Ioo*e mateiial towud the cental of the boy 

Aflai the diaroveiy ot the veitical dislocation in Peppei Island, I a hited the Papcinull 
delta. at the head of Tomales Bay in eoaiih of eunilu ouilence of displacement, but fulod 
to riisujvci it There sio an the delta seveud tiocts on which watei BtandB alloi the tail 
of the tide, and the plant giowth, especially Saliuniia, showb datamation in llicsu ucas, 
but the uea* ue not systematically ielated to tho hiult-liace They occur on both 
sides and at least one of them is mtasected by the tisce They constitute put ot the 
evidence of a gentle, tnooil undulation ot the delta sulfate, winch appeal & to ha\e been 
occasioned fay the euthquake A tentative themy to account toi this undulation is 
that lenticulu botlies of sott day, included in the delta deposit, expaioneed a coiUun 
amount of flow duiing the euthquake peiiod The lane ot aaloi following the fault- 
tiace, and desciibed an an cm liar page, is sn independent phenomenon closdy asso¬ 
ciated with the fault, and the dqnesaon causing it docs not extend indofinitdy townnl 
the east In a genmal way, the half of the delta east of the fault standa as high as the 
half at the west On the lowei dope ot the delta, beyond tho region ot plant giowth, 
then ib a tract east of the Gault which leceived tho piuunpsl deposit of sediment biought 
by the floods of 1007 Tho localisation of this deposit suggeats that tho tianspaitmg 
currant may have been guided by a depiession of ths surface, but if so the depression was 
not boundod an IJib one side by the fault line, its aouthwcstein bounduy is a disti ibutaiy 
of the cieek As the tiaaton which this deposit took plate is opposite a poi lion of tho li act 
in which mud was shifted towud tho southwest abate, it seems possible that the aica of 
shifting hen included poetically the whole width of the boy, and that the lesulting (No¬ 
vation of tho bottom towud the west wna aocomponied by a loweiing of the bottom 
towud the east In that case, the oppuent Iowa mg of the dam sons at vuiaus pointB 
on the noithesst dune may be correlated with the phenomena ncu tho head of Llic bey', 
and the whole nsanbed to a general shifting of loose mateiial m the bottom of tho bay 
towud the west 

Bodaqa Bay —As the title at Bodega Bey a vaiiously applied on different mope, it a 
proper to specify that the body of water hae intended is the landdooLt lagoon oast of 
Bodega Head, and not the open loedsteod farther south Fiofomoi Rittci 
this with cue, studying especially the distribution of HummIm, and found no evidence of 
absolute 01 diffaentiel change of levd 

Summary —At Boluas Lagoon, subsidence occmied ea&t of the Gault, lte voitioal 
amount being approximately a foot The subsided tiact uduiled the gieatm put of the 
ana of the lagoon, end may base had ita eastern limit along the eastern shore of the 
lagoon The subsidence wee possibly a continuation of tho local movement of disloca¬ 
tion by which the beam containing the lagoon was cieated Thao may have been local 
elevation of a (not extending from Bailees weatwud and luntfawestwud The evidence 
a not demonstrative, bat leaves a presumption in favor of such elevation 

About Tamales Bay and Bodega Head there woe probably no oppeaeUe change in 
the general elevation of the land, moat facte which tend to show such nhanpi bang 
explained by assuming that in Tomales Bay than was a genual shiftin g of mud and 
othei incoherent material toward the west. Such shifting hod been fully demonstioted 
m the vimmty of Xhvameae. 
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PwJMipt —Binca llic picccdmg pningiaph* weio wiillon, soma additional data havo 
Iwon gatliaed beating on tho question ot Iho elevation of land bclwoon Boluus and Point 
Beyes Ab the moat snlisfnctoiy biological evidence with loTeicnee to changes in level 
had been found in the icsponsc ot tho plant Saheonua, it oocuncil to mo that pmlinent 
mfoi motion might be obtained by examining tho lowor limit ol himl vegetation at Liman* 
tom Bay That bay is an extensne, inniilying, diownod valley lying east of Point Reyes 
piomonloiy It id xrpuialcd fiom the ocean by a spit, past the western end ot which a 
channel ib maintained by tulal ouuentb, just ns m l ho mm ol Bui mas Lagoon The 
anatom end ot Uic bay is at Uio western bnao of Ilia iidgo bounding tho Boliiiaa-TomalcB 
bough, and is 8 01 10 miles noilhwcsl of Uic abnlimo locality 

H Uio land in Uus locality was loised at Uio limo of Ibc oailliquoko, tho hoiglit of the 
title at all stages, with lcfaoneo to the land, would bo lowei and the Iowa limit ot Safo- 
rmnia, boing dcponilcnl on Uio lelution of Uio land to Lula waloi, would rlcsoond the 
slope inraponso to tlui cliango in level Tlic fcalrno, Uunofoio, to be kolct foi was a new 
ginwlh of Sahtarma at a Iowa lovol Uinn the oldoi giowlli Buch now giowlh wait 
neluelly found (Juno 5, 1007), not m a continuous belt, but in numinous patches liav- 
ing ooi tom common olioiacLoiuLics 

At 1 lie point 1 * visited tho tulo maieli oliaraolanBltoally ornls m a liltlo step oi bluff about 
8 inches high Aliovo tliui step the gentlo Uopo is oovmod by a mat of vegetation ui 
healthy oondilioii, Uio dominant plant near Urn step boing Saliamnu Bolow Iho slop 
is a mud Burfaoe, whudi usually inclines moio lapully than Uic plulfoim above. If I 
undeiBtond tho oiigm of Uue lopogmpby, llic step lias arisen from the gradual baywaid 
extension of the pLalfoim, which, by leason of its vegetal ooveiuig, n> onablod to arrost 
mud suspondod in Uio waloi There la also doubtless an accumulation of the loots end 
bloma of Uio Sdhanma. Li places Lime aio ouUying plalfonns of the nature of 
islands and similarly covciod by Bdhumua On Uio oUim hand, Urn bioadar plalfoims 
aio inlciiupkxl by oliannds Unu which Uio tulnl walms esoapo, aiul theio am also lake* 
like hallows sbiuptly margined by Hleps a few Inehn lugjh. Tho sbpo below tho alop 
is oidinsidy of hmo miul, but on it sic numinous patches of young Sahanma, and 
tluio am smulai haela in tulal chiuuiob and in aomo of llic lnke-liVe hollows inside Uio 
platform Tlic vnUcal innge of tills youug giowlh is quite dcflmlo, its Iowa limit 
being fiom 18 to 10 inches liolow the outer edge ol Uic plalfonn In aomo cases tho 
young growUi is alingglmg, but usually it makes a mat as elnso and complete aa on llio 
platform above, and Uic height ib ncaily ns great It ib dislingiushed bom the olilei 
giowth cluolly by a slight ililfmcnco m colru WlioUicr bucIi a luxuilanl anil dense 
giowth of fiaheonua could lie pioduccd In tho pmiod of 18 5 moullis, I am not picpaicil 
to aay Exoopt fa Uiat doubt, howovn, Uio phonomona oic just Buoh as would ho 
expoclorl to follow an devation of the land. 

In an csluaiy at Uio odgo of Uio bay wuo two feneo stakes on which bainocloB wne sot 
At the uppei limit of Uic Inmaoloa, I oxnmmod a dosan individuals, finding thorn all alivo, 
and I saw none of tho adherent plates which remain after Uio death of tho okl barnacles 
I did not learn the histoiy of thou Btakea If placed afloi Uio caithquake, Uio cvidooco 
of tho bainadca would not he in pant If placed bcfoio the oaithquaka, the evidonco 
of tho bainaolee, no fai as it goes, is opposed to that of the new oolonios of Saheorma 

Second Postscript, added to proof sheets \n November, 1007 —Eaily in Octobei, 1007, 
Dr S 8 Bouthwath loportod that the dam pateh near Bolmas had again become 
lcm accneibla, ita lelaUon to tulaa bang piaatically aa bcfoie tho oailhquake The 
apparent chango was not mmoiatod with any prooiso date, but it had boon Buapeotod 
amoo tho middle ot summer On October 17 I viaitod lbs locality, adooting a time 
when the picdieted eea-levd at low tide was approximately tho aorae aa on November 
26, 1006, when I had taken the idmlQgnqdia reproduced in plate 6 Qb and plate fific. 
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Foi Novembei 25, IflOO, tlie piediclcd hLight of low-untoi at the San Finnci'co entianee 
was 21 feet, toi Octobei 17,1007,2 2 feet The ooinpoinon of tho dam palLh with tho 
mow made eleven months eailier showed a niniked diftmence, a much lmgei aica being 
submerged at the lalei date Fom dajB aflmwud, when the piediclcd height of low- 
watei wob 0 8 foot, 1 again compaied tho appeal once of the clam patch with the photo- 
giaph, finding the watei-stage somewhat Iowa than when the photograph wa& made 
As tho tide laae its stage was found to commie with that Bhown by the phulogiapli 
one horn attei low-water, and tho calculated allowance for the caucspoiuling change in 
watei-lescl at the San Fiancisco entianee is about 03 foot, bo that the predicted lido- 
stage foi that moment wsb 0 6 foot As tho piedicted Btage at the tune lepioeental 
by the photogiaph was 2 1 feet, Iheie wns an appaient disoiopancy of 1 5 tecl If this 
wss occasioned by a change in the height ot the giound at the cliun poteh, tlicn theie 
was a subsidence of 15 feet between Novembei 25,1000, anil Octobei 21,1007 Befoio 
accepting so impoitant a oonduMon it should be chcokt in evwy piacticablc wav, and 
especially by compel ing I ho water-stages at the clam patch with simultancoub walci- 
BtegBB os leooided al the tide-gage station of the U S Coast Suivey in the enlianoe to 
San Fianci&co Bay The distance of that Btation flora the elorn patch ib about 15 miles, 
of which one mile is inside the nnuowcst constitution of the Golden Gate On the days of 
observation at tho clam patch the eea was calm, except foi a model ale gioundswell, so 
that the noimal equihbuum ot the watei-euifece between that point and tho lule-gsge 
wss piesumably not impsned by metcoiologio influences Oft tlio clam patch tho 
gioundswdl binke at a distance fiom the slioie, leaving the wsLei so quid at its solus! 
margin that its level could be obaoived with little eiioi Thegeneisl and local conditions 
wbiq thus favoisUs foi a compeliBon of watei-degee at the two points, and the nuniei- 
ous details of the photogiaph of Novembei 25,1006, made it posable to idanlify, with 
cloee approaaination, the einvel of the tide at the same piano on Octobei 21,1007 The 
obseivationa at the tidal station, for which I am indebted to Gapt Aug F Bodgeis, 
AseibtantU 8 Coast Suivey, wne made with the lide-atafT at Iow-uatei, end oio lcfoiiad 
to tho aibitiaiy aeio ot the tidal station. 

lilt! 

Atlm-iratoron flu afternoon of Nor 31, IBM, Uia brio-staff louling wa» b 10 

Atlow-nnter on tha afternoon of Oct 21,1007, thabdo-^taff reading was 001 

In the hour following low-voter lha computednuot tho tula ma 08 ft, and thn 
Bivteu thelKi|hto(«dtoratttwbnuof flioohaanation at tha dam patch 601 

Dtfferenas 10 

Thus tho discrepancy of 15 foot, deduced fiom a aonwileiation of the piodiolcd tides, 
is icducod by a comparison of the obsuicd tides to about 0 2 foot, a quantity u small os 
to he refmahle to eiiois of obeeivatian 

Bctoie tirlo-gage lecoirls weie obtained I had icusited Pepper Island and Lunanlnui 
Bay On Feppei Island the vcitioal dislocation was lemeasuiad and found to ho un¬ 
changed At Limnntom Boy the eabject of examination was the o«wiH i taniii 0 f the new 
giowth of Solumma If the land had subsided since the preceding June, tho colonic* 
of Sahemma which had invaded the mud flat fplate 5tlo) would have been subjected to 
unfavorable conditions, and might be cxpocted to show the influence of those omiditinno 
All the colonics that had pieviously been obseived weie reexamined and they were 
found, without exception, to have deteriorated The green heads, which hod foimeily 
testified to their lusty giowth, hod become much leas numerous and weie modified in 
odor, their stoma weie blackened on the outface end had hwiwnt somewhat euiled, 
and m geneial they appealod less healthy than tho pleats of the mm species glowing 
at higher levels Where tho slope was continuous, them was a fully bhaip lino of separa¬ 
tion between the healthy end unhealthy {dents, two measurements mriino.tnrf tho 
sons of impairment to have a vertical range of 10 inches 
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The conipaialivo olnci vAlioih of nalci-sloges bhow llial the land aL tlic locality of the 
clain patch hai not icecnlly uiuleigoun the suspected dipiubiion, at computed to Imnl at 
llio tidal station ncai San Fhuiuhco 11 an inipoitnnl elnngo lias taken pinto at ono 
locality, it lina allcclod tho othai also On tho ollici liaml, it is notcwoithy Him. Di 
Soulhwoilh'B obamvations at the dam patch (hinL of itb incieased acicsmljihly, and 
uftei of its deeicasnl ncccssibiliLvj lwl to two piodictionb as to the condition of 5tdi- 
cornui in lainanbiui Hay, both ot siluch wcio unified Then suiass in picdiction gives 
asbuioncu that liny iccoid on actual (.hangeof bouio soil—a change not iMinded to tho 
lorakly of Llie dam patoli Tho two linos of cvidcnco taken together—tho leveling by 
\valoi-plane tiom the Inlc-gRgc to Bulinns, and tho obscivation of shoio conditions at 
Boliuns anil Taiunnloui Boy — suggest the possibility ot a gencial dungr in thn 1 elation 
of lnnd to sea, alTooling tlic whole coast hoin Ran Vionciuu to lamanlour Bay So foi 
na llio oUcivalions go, such a clnuigo might pel tarn to either land 01 acn In the lino 
of thn buggablion it is to be nolod llial Nbvembci 25,1000, folia within a penod of c\eop- 
tionnlly low lulm at San Fiancwoo cnlianco Foi 21 low tula, fiom Novombci 20 to 
Novcmbci 30, the moan of tho ohnivcd hcighlB was 108 foet below the mean of the 
piediclod heights Fiom Oclobot 17 to October 21, 1007, on the othoi hand, the mean 
of 10 ohscivod Lidca was only 0 83 foot below tho oonespanding mean of predicted tides 
The subject appears to dcbcivc fuithci mvobligalum and dimus^on Hum is luactieaUo 
while these pages oio in picas 

Tho obsoivolume which ooeoiooncd tins ix»l*cnpl, while auggoaling hnea of enquiry 
wluch may piudlably bo followed, do not matoiially afieet the canduaan alieady aum- 
inonsod os to local changes In tho devotion of tho land A tiaol, lnduding Lho oaat part 
of Peproi Inland and much of lho oiua of Bdinas Lagoon, subsided at the time of the 
cailhquakc, tho amount of aulMuIeneo at the point of moot Batisfaelmy moasurement 
boing 12 indies Tho iqgion west of Urn fault, induding the ocean coast from a pomt 
near Bdinaa to Iainantoui Bay, may oi may not have bom uplifted at the name time, 
and may or may not have subsequently subsided. The ovulenoo ■ incomplete and 
apparently Bomowhat eonfliofmg. 

Spooud lopoita on tho buriope evulonoo follow 
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PUPOPT OR a HXCaHTAISSAirCB OF BODEGA BAT SEG10B 

Br WlLLZAH U HllTTB 

Accompanied by Mr E L Michael, I examined the Bodega Bav legion on October 20-80, 
foi evidences ot a faunal modification resulting fiom the eaithquike at Apul 18,1408 
My fiiet efioit wu* to eeouie information ticm leeidents ot tlie dutiict beming on the 

S liest ion A number of families living on the shorn at Bodega Bay hate then dwellings 
08 e to the water’s edge Since the bay is small, closely lnna-lookt, and lienoo especially 
free fiom suif, and -■"«» these tamilxs spend much lime on the water with then email boats, 
which they beaoh on the giadimlly shelving shoies or tie to their little pnvale picis, it 
that then testimony would be peculiar tv lehable It appealed that any appreciable 
chnngc of hnel ot the wntei along the shorn oi any noticeable eneots on the shote life would 
baldly escape detection I talked with hie pel sons ot this soit, each by himself All wcic 

unequivocal in affiiming that neithei Lbe level of the water nor the animal lite of Llie buy 
weie in any wise altcied by the ehithqunke 

Hie nnr i.Viqn.ilf«» fault at tho only pomt at which it has been located heie, passes thiu the 
sand-dunes at the head ot the bay, and tiom its acneidl cuurso und the piano whcie nc xl 
observed to the south, must have past ncaily paiaUel with the eastern shoie of tho bay anil 
erthei have followed the bhoia or nave been to the landward ot the shnie In oilier woidb, 
neatly if not tho whole of the bay, together with the peninsula of which Bodega Ilcnd is a 

a rt, is on the wost or seaward aide at the fault All the facts we weir able to galhoi by 
ect observation poitam lo the lodcy bhoie ot the bay side ot the peninsula Suco the 
rock here in a firm gianite, and since m nomr loenlities the walls are neaily peipondirulni, 
aie even-faced, and ate washt by the waters thiaout the day excepting at extiemo low (ulc, 
thoy uio veiy faruiable foi furnishing tnUmony of the Kind sought Tho question lo 
be onsweicd wus Do tho organisms that live immovnblv fret to the looks show evidence ot 
hav ing either extended oi withdrawn the upper limit of thur vertical distribution within 
recent time T Tho oiganisms that would be available as testimony would be those that aie 
most pfimmiant m stiuotuic, and extend up to the veiv limit of the high tide Of hist 
impoitance aie the barneelra. two spacmb, Balanua balaiwidn and Chtmmahn stcUatua 
A species of ATylilua, and peiliaps one oi two species of maune sign, ore also moio oi less 
available Oui attention was given to the baiaaolcs ohiefly, but somewhat to the mussels 
Alan Neither ot us was sufficiently tamihni with the algm to malm much use of them 
We could get no evidence that any of them omnibina had erthei extended oi with- 
diawn their limits of distribution In the absence of aoouiate knowledge on the rale with 
which huifiwi develop, thcie might be borne unceitainLy u to wholhei the limits had born 
extended, since, however, the individuals at the uppei limit weie not found to be in gonoinl 
smollei than those faithei down, and fuither, and dill moio importantly, since tho lemiuns 
of dead individuals weie Quite ns numeiaus picpoitionally m the upper sone of dibtiibulion 
ss in the lower, we could out conclude that them wnb an absence of evidence of extension 
Jn other woida, them was no evidence of subsidence of the shoie 

As to the question of whether the shoie bos been elevated at this paint, the evidence 
I think ie more ponitive Not only is there lick of moot that elevation has occurred, but 
there is ample pi oof that it hu not This m tuiusnad bv the barnacles chiefly On the 
veilnal granite walls above mentioned, these uganism* almost completely covci the sur¬ 
face up to shout 7 test above mean low wutei As already stated, the lemams of dead 
individuals aie unifoimly distubuted thiunut (he aira, or, to speak moie accurately, 
thqy are not moio numeioue pi opoi turn illy in the uppei liimt of dktnbnlian than m any 
olhei poition, as would surely be the earn had the upper hmit been lilted above the foimei 
high-walei maik It should have been pointed out that the 7 feet to which tho barnacles 
extend must be veiv near, if not quite the limit, of high tide 

The character of the lomoins of dead unimak ie such ss to preclude, I believe, han g 
misled by the foots In addition to the heavy calcareous wall which characterises the super¬ 
structure of the animal, there is a welt-defined continuous platform closely fuaed to the sub¬ 
stratum to whwh the animal adheres After death the superstructure of tho shell flails 
away, leaving the platform as a smooth, herd, calcareous scab dinging to (he rock The 
is very durable, as one con see by observing old piles that have been taken from the water 
and to which these barnacle remains ding Had any appreciable elevation of this shore 
occurred, there would surely be a sone ot dead barnacle shells at the uppei range of the 
distribution The testimony af the mussds, so far as it goes, is confirmatory of fur¬ 
nished by the barnacles 



TUB EARTH IIOVEUENT ON TUB 7U7LT OF YPH1L IS, 1900 


BO 


HEPOBX ON A BIOLOGICAL RECONNAISSANCE OF TOMALES BAT EEG10N 
Bl Oil VOLTS A ICoioid 

On October 20-28,1006, in company willi Piofs H B Toirey end 11 B Ilolwoy, 1 mode 
on examination of the ahaio of tamales Bav to obtain oyidcnoe ot faunal 
mulling tiom Llic cailliquako of Apul 18, 1000 The places specially examined vtcio os 
follows the noithenit ilioio fiom llilleiton to Pirslnn Point, ling Island ««"■ the mouth 
ot the bay, the bnutliwc&l aluuo fiom neai Tmnnlc* Point to the icgion opposite Mai shall, 
and fiom Inscinrsb to the head ot llic buy Tho outoi face ot Tomales Paint wna abo 
axploied foi u bhoil diblunce lirai "Shell lk*aih 11 

Ueaichwasimulofnirvulcncool acluiigcmk'vdinlbolwosulcsof Lliobay and especially 
foi emdouae of dqnonum of llic nnillieust slioic niul elevation of Lhe souLliwcst shore 
Foi this puipott ciilical exaniiiuilioii win niudo of buinnckh m aitu on lock in place along 
l he shoicb between lido levels The fauna of llic hiy includoa no generally dibluhuled 
oigonums attached to lock within Inlc levels evcrpl IIio bainaclua (Balanu* sp ) Uussoh 
aie me and them uie veiy low attuc liul soauccdii fai fiom the mouth of too bay 
Tho barnacles aie, liowovoi, aufliciently olmndant niul widely disUibutod to attend on 
excellent index to any recent clinngo in loaols If llic noilliwcet shore line, about 0 6 to 
1 6 nulaa bom the mum cuilliquuko tiara, luul been dcpiebt men a few mchps wo might 
expect to find young lminaoles, the young of the year wlnoh aie eaaily dnluguibheduy 
l hair brawniahpgiay coloi, snltm texture of tho shell, and eeitain slrueLuial featuieo, in¬ 
vading the new leiuloiy above the old to on extent equivalent to the depiuuon If tho 
Bonthweat shore had boon elevated, wo should expect to find a numbci of (toad bainaalas iu 
tlie region above the old barnacle limit and a lclalivo nbseneo of young in llio uppoi lovoh 
Tho upper himL of tho growth of boiiuioln lies below llic level of highest lidos, and in mom 
oi lesb distinctly maikod, neooiding to Llio exposure to picvalcmt cunenta and wind and to 
exposure to the oun, and it is also modified by the tJopo and lextuio of the subeliaLum 
Tho two shorn mesent hUong contrasts in the matin of expusuic to pievulent winds, 
to tho Bunsluno and m Lbo texture of tho aubaliatiim, llin inckb of the noilhwurt, shoie be¬ 
longing to the Franruoan, mmo oi Ion moluinoiiihoaed, and Hump of llic aoulliwobl shoio 
being of a granitic naluio Tlieso oonlinata pioduoo conudaialilc modilloalioiiB m tho dis- 
tnbulion of the bainaoles 

A enlieal oaamuiabon of tho data leveels no Midimif endente (tf any icecnl change in 
Ac thelnbulion <tf bar nodes that am bo attributed to a change in lhe Zands qf reels n place 
Tlicio in no shaip and umfoim oonlnat liotwrcn Llio two radon ot Llio hay m the matter of 
the disliibulion of the* oignmnna Theio is no unifmm oi exlenaivo invasion of higher 
lavela by young barnacles on the naitheaalein shore und no inaiked destiurtion of old 
hainada and sbeonro oi Uio young at high lavela no Hie anuihwHloin shcio Tho eonelu- 
sion la loasonably opitoin that them lias been no appicoiahlo ohnngo in levels of mthei shoio 
as a whole 

Especial eoio was taken with the examination of (he loeky slunca of Pi colon Point 
whioli r> ciost by llio main fault, but avon lime there u no biological cvulcnoo of a change in 
lovols on tho two aides In many logians baiuarlaa have lioon killed m gieal numbers, 
ajiparently by sill m tho watois In olliei eoani bainade-eoatrd sulistiala have been shifted 
with the mua, sand or navel in oi on which lhay lie, but bucIi changes ora of a local oi supoi- 
fioial chaiootei llog Island, whieli lira very noai tho lino of the hull but u not oioat by it, 
shows no unifmm change in its bunaclo fauna Tho oulci boo-cIUT of Tomales Point, tho 
very much Bhallored and with canmdoiable lahia bom rock folia resulting bom tho earth- 
qualm, shows no disturbances m its fauna tioooable to bouruc movemont Local teslir 
xnony of dealen m fish, of fuhennan and of clam diggers lndiaalos a great folium off m ship¬ 
ment of claim since the outhauake, tiacoablo to aoparluio of elam diggers, destruction of 
elama in placet, by shifting of clam beds or their burial with delutua bom oliffa No change 
of lavela which might not be liaeeablo to Bhiflang of loaoe deposits was noted 

Then was local testimony of inoroaaad wash along the railroad embankment skirting 
the northeastern Bhore, or sinking or ruing of known skoals m tho hay, and of a depression 
of the gravol spit on whioh tin n him. ■ iIIjpp stands. PiobaUy all of them phenomena 
are expneablo aa the results of 1> • ul !■■■ • nmp up of the railroad embankment and dnftang 
of loose deposits, rather than aa a result of a general movement of the earth's erust 
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REPORT OR A BIOLOGICAL EXAMINATION ON THE BOUNAS LAGOON REGION, 
NOVEMBER a^r-ag, *9®® 

Bk Ciurn A Koioid 

Baiinaa Lagoon — The dutubution of boimules along the shore, on the piles, eta, mi 
examined with reference to possible changes m level, neu Bolinoe wharf on the western 
side of the lagoon and on Mono's wharf on the eastern bide, the pimaipal loeationa on ulubh 
barnacles oaaur about the bay In neither ease was then evidence 01 local testimony of 
disturbance in levels of the ground on which the b&mocle-beaiing subsLiala weie located 
The possibility of looal slumping of sal u not, howevei, entirely excluded No barnacles 
on look in place were observed in the bay 

Three u no evidence from the distribution of bamaoleo of any change m level of the 
eastern aide of the bay Theta ia neither anj marked deetiuclion of old 01 absence of j oung 
in the upper levels auoh as would follow elevation, noi any marked recent oooupation at an 
uppei belt by young barnacles Buch as would follow depression On the eastern side of the 
bat, on the piles of the wnrehouare at the landing, there was a faintly defined lone 0 to 8 
incliflh wide in which the proportion of dead banuawa was unusually large The peicenLogo 
of dead in the uppermost levels on Mane's pier on the eastern sue of the boy vuiied tram 
2 to 3B per cent with predominant range of 10 to 20 pei cent On the piles on the western 
iHn at similar levels, the proportion at dead was predominantly 40 to 90 pn cent and not 
infrequently ran above there figures Below this upper belt three was frequently lore de¬ 
struction and a relatively greater numbre of young than was found in the uppei most levels 
It may be that this deati action was due to elevation, tho the uppermost bell of liai nodes 
b Btdljust submeiged at a 5 44oot tide It might also he duo to tho considerable increase 
of silt attendant upon the large amount of talus shaken into the bay und along the adjacent 
shore line by the earthquake The fart that bamadas attached themselves to and throve 
on buildings thrown into the bay not far fiom the piles m queetion, would indicate that 
destruction by silt was oonfined to the tune of the eoithquoke or that destruction did not 
take place as a result of silt 

The "studio building" at Bdhnas. which was thrown into the bay by the earthquake 
and raised some months later, sms well covered on submeiged portions by barnacles, mainly 
hdf or two-thirds grown. This fact makes it oertain that the young barnacles have boon 
attached in large numhers amae the earthquake, and that their distribution, therefore, 
afforde critical evidence of change in levels 

Tho Boa Coaat Luis — The evidence here from the diotubution of barnacles is inconclu¬ 
sive, owing to the great range of moiement of water in the breakers and the relative aaaraty 
and small sue of the barnacles present There was no evidenoe of any change of levels, but 
their numbers ore probably too smell to offoid evidence of a movement of a few feet only 
The Clam Patdi — The evidenoe of elevation here n entirely in the nature of lcst im<wi y 
The barnacles on rook in place in this region are too near the low-tide level to afford a satis¬ 
factory ciiteiion A few roclu in dare near the upper levels ehow no trace of extensive 
destruction of bamaoles ouoh os might follow an elevation of 13 feet which Dr Bouthworth 
believes to have taken place But hem again the biological evidenoe ia too incomplete to 
have much weight There is no doubt that there were clams in a shallow gravel bed 
resting on rock m place and abundantly exposed at a 31-foot tide 

In my opinion, from the evidence in hand, there was no depression of the eastern muimn 
of Bolinas leugoon na the result of the earthquake af A pul 18, 1906 Dr Southworth'B 
testimony, taken in conjunction with the destruction ofbarnacles m the upper levels on 
the western nde of the bay, suggests the paanJnhty af a small elevation on that aide. 
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EXTRACT FROM REPORT ON A RECONNAISSANCE OF T0HALE8 BAT REGION 

Hi R S IIumAi 

liclow w a ropy of ilio few nolm inailc l>j me dunng Lhe Liip to Tomales Du, Ootober 
20-28, 100b Tim objotl of Iho lup vuo Lo ouimmo Iho shoie linn of Lhe bejfor indica- 
Lioih of idonl olunges in bnnd ea dliuwn by the eflocta on onunel lilo Dis. Eofcnd and 
Taney. Lhe biologists of tlie paily, iceoidod obeonalioiu m doliil and I have merely the 
genoial noto an follows 

"The upper hmit of bainaelm was found to be a quilo sharply defined lino on the roclcy 
shores of Ilia boy Any recent change in level of a foot or more woukl have been easily 
detected in my judgment No ovidoneo of such change was found " 


REPORT ON AN EXAMINATION OF PLANTS ON PEPPER INLAND, """la LAGOON, 

APRIL 9, 1907 

Hi WiLira I, Jareoir 

Saluornia ambigua Miclix Picklo-wocd —Tina n the most abundant apoems and fbima 
oxleiuavo oolonm on both bides of Iho fuult-tiaee Tho dilferanee in color af the areas on 
the two sides of the tiaoo at once aluLas tho oyo, the essl urea being dull or JmH brawn, 
tho sica nest a hvehoi 01 greenish brown This difference in color won found to bo coire- 
lnLod with a difference in health The planls west of (ha faulL are in normal condition, 
the plants east of it are either dead or dying. Dead plants still standing show wasted or 
ahiunken black stems Dying plunls show shrunken main una boating above a few ehoit 
joints af groan which are vciy muali thickor than the main oma In the normal plant the 
joints aio no thickor 01 aoarooly thiekni tlun the mom axis A brand and very marired 
sone of dead or dying Saliooinla aurrounda MoKonnan iBlsnd which baa east of Urn fault 
Statue Ltmomum L vu calif 01 nica Giay Boa Lavundor — Rather common m small 
arena on both sides of fault-trace Weal of tho fault plants are m norma] eomdiLum, with 
large blight giorn loavca East of the fault plants are dead or unhappy Dead plants 
consist at nothing but caudires or ahoit blanching aloma which form immature roreatB 
of lilaok Blumps m tho lowest plnroa Unliuppy plants aic those Btragghng to mm i-a m 
ornstonoo and showing only a small Lufl of small loaves Blmilsi colotuos a dead planls 
wore found on MoKonnan Island 

Qnndeha cunat/nha Nutt Mush Qundoluu — Dim majority of tho plants oast of tho 
fault are dead Many plants west of the fault no dead, especially immodiatoly weal of 
the fault Tlie dying out is, m tho main, doidithnu duo to old ago m the colony 
AfaMMbrjuiilAeMiiM nqialaterale ITaworth Boa Pig — Planls Immodialcty want of the 
fault wore healthy Ono plant was found immodiatoly oast of tho fault, this was lallod 
completely 

DieheUu epuata (L) Bnlbgnun. — Plants want of fault wore thriving more than plants 
east in ndjaaont areas (This spocua tangos lo 600 foot above the sea) 

Asstens grand^bha 0 and B Yoiba Houma —Similar slight dilferenoes oa in the 
precodmg case 

TiioteoAiH wiariMma L Airaw^resi —Comuig up freely like young blades of grass 
west of tho fault Not appealing at all or reluctantly on eaat ode 

Jmtnua earuosa Grey Fleshy Jaumea — Less readily found an the eaat aide of the 
fault Plante on tho went side ware m somewhat batter aonditlon 

Populiu Bpeeiaa Planted. — All mdividuala on east suio of fault wore dead 
Summary —The differentia m the health of the plants east and wait of fault-trace indi- 
catcc comparatively recent changes m oonditiona and would bo explained by the conniption 
that there had been a bhangs of level eaat of the fault If there haa bean do such change 
it would be difficult to cay why the affected areas should conform aloaely to tho fault-txaoe 
The plants on Maffimnan laland were also examined The argument in favor of ■—™ , "ff 
a depreaskm for Pepper Wand eaat of the fault would hold good for MbKennan laland 
On the other hud, 1 should be strongly against tho opunon that tho condition of shareJme 
plants ptrtfil a change m level on the east shore of Hoh«— lagoon. 
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MUSSEL ROOC TO CRYSTAL SPRINGS LAKE 

Courts tf (htfavUrima —The point at which the Fault-tiace intellects the Bhoio, on 
emeigmg from the ocean on the south ode ot the Golden Goto, n only approximately 
known About 0 875 mile to the southeast at Mussel Bock, it hoe been located with 
precision at its intersection with the wagon iotvl an the weet side ot the coastal riJgo a little 
below its ciat, and thence followed continuously foi many mika Piojccling its coinse, 
thao deteimined, m a nmthwesleily dnoctum, it would pass out to sea in the midil ot 
the large landslide whiah eame the coast immediately to the noith ot Mussel Bock, where 
the basal beds of the Meiced seiics lest upon the oldei looks At tho time ot the aoith- 
quake there was an extensive movement of the landslide, and a tongue of landslide matc- 
iial, about 50 feet high and about 200 Feet wide, was piojected into the ooenn acioss the 
nanow stup of beach 1 This movement natuznlly obeouied all ei ulenoo of tho position 
of the faxdttiaee, which was doubtless oveuidden by the slide All about the cicsl to 
the east of the lamWide, and on its south side, the pound was gicntly disluibed by flesh 
lmiHnlirifl ciaoks, Bcupe, and fissures, extending well bank flam the odgo of its encoding 
nlifia It appeals to be probable that not only did the movement of the landslide obscuic 
the evidence of the fault-tiace, but oho that the letta was heto diffuse and sealteied, and 
that the displacement was eupei Gcially taken up by tho plasticity of the landslide mater lal 

Fiom the pomt southeast of the Muael Bock slide wheio the foultrlaace leeumes its 
definite ami easily recognisable ehereeta, to Crystal Spiinga lake, om intoi motion 10 - 
gaiding the course of the fault-tiace end the eoith movement on the fault ia in put fiom 
obeervotions made by Mr Robert Andoaon, and in pait fiom observations lecoided in a 
PT«w by Bremen Bnhurelor, 1 supplemented fay the obsmvations of Mi II 0 Wood, 
Andrew C Lawson, and others 

South of the mad, at a pomt 0875 mile southeast of Mussel Book, begun the funow 
which murks the soifaee path of the fault The fuiraw as suoh does not moss the rend 
to the noith of this pomt The side-hill dope, however, n vay much fisuiied by land¬ 
slide movements both above end below the load, and aoaips oie soon Fiom this point, 
the funow rune unmteuuptedly southeastmud to the east aide of the noith end ot Son 
Andieas Lake, where, with a couine of about 8 33° E, it parees beneath tho waleis of 
that nau voir As it appioaches the lake, the tune of tho fault does not lie in the axis 
erf the valley, but runs along its eastern bids It thence pemesthiu the lake on the noith- 
eeet aide, crossing a number of email piomantoiies, to fire east end of Ban Andicav dam, 
thence, with a oourse of S 37° E, it tiaveises the eml hide of the valley between this 
dam ami Lowet GiyBtal Springs lake, passes thiu the latlei and intmsects tho old dam 
between Upper and Lowei Crystal Spnngs Lakes Beyond this it dents the southwovt 
aide of the upper lake, partly m the watei and paitly on the piojecting points, and finally 
leaves the lake about a 0 25 mile fiom its end, fa the stage of tho water of Apiil, 1906, 
having here a course of S 40° E 

The mean course of the fault, as thus dosely followed fiom the vicinity of Mussd Bock 
to the end of Upper Crystal Spring Lake, a dktance of about 15 miles, is 8 38° 3P E 
But the tiace re not a perfectly stiaigbt line Between Musrel Rook and San Andieas 

1 Ob Hnaay 27,1007, acaordmg to tho ohanvitiom atlfr H O Wood, thik prajacting tongue of 
luddidahad bran Btudjmmaby the actum of thr mvea, and almramt of toe beach and wtrdill 
had boon nUibliAad 

■The 1 Mb Supply of Shn Fkinaam Mara, dunng, and nfbv the Euthquake of April IS, 100b, and 
tho Bufaaaqoeiit Cuuhgntioa Naw York, lOOfl 
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dam, lira Unco or the fault b dightlv concave Lo tlio btiiught lino conncoting then two 
points an the tault, Uic concavilv Ikiiir to the tout Invest Between Unn Andioos dam 
.uul tlic end ot Uppci Ci vdnl Spi ings like, the tiaeo of llie fault h again dightly oancavo 
lo the sli night line lietwccn Uieso points, but n on lira opposite side of tlio fault, tlra 
ruiiravity hue tucing the noitlicsd. 

Chuiuitu i'iti( > of the Inidtrtiau —Foi llu* 6lieU.li of from U to 16 miles, Mr Rabat 
Andcibon, who examined this lemloiy uiulci dueclion of Piof J C Bianncr, dcaoubcs 
llie tinea ol lira tault a* inaikcd liy a belt or upturned cnilh laamhling a gigontra 
inole-tiuck Tlra i upline mar be 1 1 nix'd nlong evay loot ol lira way wlran not below lira 
walLis ol lira lukc.6 It vaius in wullh ban 2 01 3 leet to 10 foot, but at times buuiohca 
out inlu several fuiiuwb lluil uu liulc a space of 100 fool or mac m width Such buuiohca 
suinel lines join again aTlei a dun t illicit Sometimes it fa ma a eiook 2 a 3 feet wulo 
ninl sacial tea deep, niul in nllrai placob straws a veitiool wall of soil on one side a lira 
ollici , several feet high Tlra typical occuiience in tui F-covarad frakb is a long, btiaight, 
raised line of blockh of ml broken louse niul poitly ovaluinod It is thus drawn in 
{dale tila, n 

Yssucinlcd willi the fault fincluies nie inouy lateial cinclm, axLonding away bom the 
tault in a irailhwaid, oi iraitli sliglilly east waul, ducoUon, tliat is, at an oblique angle lo 
lira noiUicast snla These craoln wuio vspeouilly nbuiubuil along the norllleast aide of 
tlra iraillrain luilf of Ciyalal Springs Inkc, anil boLween tlraio and San Andieas Lake 
Li places they lunotl overy fool oi few feat fa adistaneoof lOOyaidsm moio, and again 
llray (hi not toun Foi soino didanco Tlray vniy m sue bom minulo eioviecs in lira 
earlli to fiaeliues a foot oi mine in wullli lleie niul Uune tlray fam Iran of broken sod 
Yiny like lira main turiuw in sire, wlule llray luivo a IcngUi of bom a few feet lo sovaial 
liuiulied foul At lira giaal dum at lira head of Sau Matoo Oanyon, Uieso macks ameigod 
hum lira Like siul inn iraitliwaiil up on lira lulls fm sevanl luindiad yndn, bioaking tho 
loners whne tlray rrosl l’lnte Ida draws lnige laLrml emokb of this drseiiptran, aliondy 
pailly filled up, riossing a mad tluil urns pandk‘1 lo lira fault at lira uppn and of Cranial 
Hpungs lake Tlra maui Lira ol frooLiuo n nJxmL GO feet beyotul lira fonoc, and Lho 
clocks into Ura luicgiound si sn angle of bom 36° to 40° with tho main fault- 
tiaoc Tho fenao is pullnl iqinit 10 inches in the two placm winch aio drawn in the photo¬ 
graph, and a total of 10 Teel in leu ihdcieiit broaka m Hub locality, within a distance 
of 200 ynids Sucli lalond crank* as llraoe woic not noted on lira south wobI side of tho 
fault 

r l1ie laleial omeln ilesciilrail alnvc make an angle of 46° to Lho general lino oT Lho fault 
boeluie Tiiey a|iiieai to law boon [nudured vay much bkc lira baaluie lines in oom- 
inession lotlis ol building daws Thao was ovulontly gieal inossme holduig togotlia 
lho two Tacos along the baotuio A dam made of eatlh and rook divides Crystal Springs 
Inks into two puls Thu dim nones tho lault-traoo at light angles, and sms offset 
but not badly crackod or mjuied by tho movemont lira foncos that Imo tho load weie 
wuped ami Uunr bouds bnoklcd thiuout lho distnnco acraa tho dam The cailhcpiake 
rendaed them too long fa lho distance bom the hills on ono sido of tho valley to those on 
the otkar Ura lnfaenos is that a strong compression took place Tho diokon-auling 
Bhown in plate 02 a. fumidras fuithor ovidonoe of oomprossion In the same way the 
heaving up of tlra sod into a long, raised mound, far moat oT lho ortant of the fuirow, 
suggests laleial pimmo The fa malum of eradka a faw inohes to 2 or 8 foot wide m 
places slang the funow sccniB to contradiot the theay of comprossum, but then an 
rqgpidcd as due to the ntegular, eiooked bacturing of the surface and the faulting of 
u regularities into juxtaposition with one another near the surface The open cracks 
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were never found to be of peat extent, but wcio usually followed by xbotchm along 
which the earth was heaped up into a mound, as if by being piest logcthci The suiface 
finiow udioates (hat theie was a sone of mushing some 2 a 8 a maie leel vide Whcie 
a similar cioss-section of the fault is viewed fiom the opposite duection, no auch face is 
exhibited on the noitheast side, but instead a mass of ciusht eaith piojeeting beyond its 
toi mar position 

Offaeta on/enru, pipes, dams, etc —About a mile southeabt horn the point neai Mubsd 
Boelc where the fun row was Gist noted u> a deaily defined featuie, the fault-bace poBses 
tlnu the bough of a well-marked Biddle This teatuie is nune accentuated than sundai 
foatuies at other points along this poi turn of the nft, tho many such ai e found Southeast 
from thn saddle there n recognisable m the topogiaphy a distinct line of foimei move¬ 
ment, lying east of the fault No fuirow followb the hns continuously, but an occasional 



short fissure or erode lune along it foi a little way To the west of the place is a similar, 
but bn well m a r ke d , topographic indication of a fanner movement. Thai o is no evidence 
of any movement on thn line at the time ot the At the point where the 

faulHnce crosses the road, lore than halt a mile farther on, the roadway fence weie 
broken, but the effects were so confused the measure of the offset could not he 
determined Tho apparent hnn«nntnl displacement was alight 
Stall farther to the southeast, about 125 miles, the fault intersected a fence and not 
only earned it to be offset, but the intersection showed oleaily the effect of the dreg in 
the earth movement The bearing of the fence n N 68° E, so *k*t it Is H-p prwnmnj-jiy 
transverse to the hne of the fault On the west Bide of the latter, the fence suffered a dis¬ 
placement to the northwest of 18 feet from its former position, and thn displacement 
was effeoted by a bending or eurvatine in the fence hne extending westerly from the 
fault for a dntanoe of over 200 feet On the east side ot the fault, the fence was bent 
away bom its fanner position, in the tame directum, shout 7 or 7 25 feet, the bent portion 
extrudin g easterly bom the fanlt-trsoe about 45 feet The two of the fence were 
thus offset on the hne of the fault only 5 75 to 0 feet, ohbo the total dnplaoemenft was 
18 fast Tho dnplarnment n diown dngrommataoally in fig 2B At a point 880 yards 
beyond fly, on the Bift, the fault-trace was found to be oonfined to a furrow about 0 feet 
wide, passing thru a little trough between an outcrop of Franciscan on the west and a fine 
conglomerate (Mereed) on the east 
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Nowliue along this poition of the fault-trace between the slide at Mussel Rook and 
San Andieas lake waa there ohanved any dofinito evuienoo of vertical displacement. 
Than waa a hint of alight upthiow on the western bide, hut it could not be tented by 
meaauicmenl Thoie weie, in gonnal, fmtows on alhoi aide of the main fault, ut vanoua 
distances up to 200 foot Some of those woio pcisiatent For considerable distances 



In JO — Indn nap idmlag pmIiImu of ifeno tame, A, A, and 0, Iha 
ahnuaf which aia Amnia Os* ■t l Jr l aiidA 

About 2 miles from tho upper end of San Auilross lake tlio fault eneounioiB tho 80-ineh, 
laminated, wiought-hon pipe of tho Spnng Valloy Water Oompany, which prior to the 
earthquake oanveyod tho walci fioni Filaroiloa Lake to San Franoseo Tin metal of 
the pipo ■ about 01875 inch thiek and eoatod with asfAaltum The pipe is buried in the 
soil at a depth of 3 to 4 feet The point of mla motion is near Small Frawley Canyon 
Hoie the oouise of the pipe swings horn a noilhwoateily to a mom northerly course, 
and the fault consequently mtemeota it at an aeuto angle At tho point of intoi section, 
the pipe waa obliquely sheared apart and tdoscoped upon Itself, nfteeting a shortening 
of about 0 feat The amount of tho transverse oQset mvolved m the shear was about 
half the diameter of the pipe The pmlion north of the break was moved east and tele¬ 
scoped southerly Fm 0 875 mile southeast of this point, the path of the hull lay on the 
northeast side of the pipe and nearly parallel to it, but a short distune away. About 
220 yards southeast of the lntcnscbon, when the pipo, bunod a few feet below tho out¬ 
face, ascends a rising slope, tho pipe had eampkitoly collapsed fur a distance of several 
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yaida, due doubtloBB to tho establishment of a partial vacuum within the pipo bj the 
■iiHHnn withdrawal of the watei fiom the aich in the pipe at the time of the shook, owing 
either to the ' aa * ,|| c H below, 01 tho piopulbion of the water induced by the shook (Bee 
plate 60b) 




At a pomt about a mile from tho upper end of San Andieaa Lake, the fault mleiaoota 
a bend m the pipe at two places, and bane again the pipe was telescoped (Bee plate 
60a ) The eoziditiona at one of these rntoi section aie thus deteubed by Mi Robcit 
Anderson 

The pipe malcea an angle of about 16° with the fault-tiace, the end of the pipe an the 
north side of the fault runnuig that much ncaier the north The ends of the pipe on 
opposite aides of the fraotuie worn therefore thiuat into each other The fuiraw waa at thn 
place divided into eevaral amallar ones, the diatinbed *one catering an ana of considerable 
width The pipe waa broken m three place? within 100 feet In one place it waa tele¬ 
scoped AB inches, as shown m plate B9b, in another 17 inches, and m a thud, the one 
farthest north, 41 mohee 

Near the head of the lake, the pipe wh egpm intaaocted by the fault, with lesultn 
doeenbed fay Mr Andaman as fallows 

The pipe hue rune almost parallel with the fracture, but slightly more to the neat at 
Una pomt, so that the acute angles made by the ends of the pipe with the furrow were m 
this cue on oppoate auke of the furrow to thou m the two prenoua iwumf In other 
words, the southeast end of the pipe was farther to the east than the southeast end of the 
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fuuow Tlio movement wit m the wine dueUinn as bofoie, thoietmo a pulling apart oC 
I ha pipe look, plan* in&lciul of a Lompievaon Thcio oruuned two bicalcs in Uin pipe (too 
plulo 50v), tlic niiun one nt iho dossing of the fault, and ilia otliai ISO jaid* away an lha 
nnilhoast iuIi* at the fault, but vm near it, tlic pipe imng almobl parallel with il At 
the main bioak, tho pipe wn* pullnl iput 50 meins, and ul tlic other one 21 5 inches, 
niukmg .i lotal dhplviment ol b hbO lacl Tim pipe nt not quite parallel with the fault 
anil thciclnic time wat a Jigla oltwuL, ill ugliL tingle* to il* diicolion, of 4 ini hes nt Ilia main 
bioiik anil 2 im lies at Hie inuini one, oi a total of 0 me lies A fcnco which moat the fault 
at the niiun luauL it oltsuL 0 5 loot (Plato OOu) 


Tlic uiik‘\ map, hg 30 (p 05), indicates the 
position ol Unco dinlocatcd lrnce* winch woio sui- 
veyed by R B Symington, C K The fences air 
maikod .1, B, C One ol those truces, C, neni tin* 
uppci eml of Son Aiulians lake, in nr oily iioimal to 
lira Li ace of the fault, anil its rlefoiiiialion exlendb 
oven a sonc 1,200 lecl wide, the total displacement 
aggirpnling 10 0 feel Ilcir, as uaunl, tin* poi lion oil 
tho soiilhwt^L siclo of Liu. laull moved iclatively to 
Ihc lioiLhwesl, but llicie was a distinct (hog on llic 
niiillioasl hide* in the snmo dncction (Boo fig 81) 

Tint ollhuts m llnee otlui toners suulliansl ol Han 
Andicas lake aie sluiwn in figp 32,83, anil dl and 
platub (Kin niul Oln 

Tlnuoul Lius 2-milc stretch within which the pipo 
hno ueaily parallels Ihc faulMince, Ihc path ol tlic 
latlci n stiongly maikcd by a proiumont fuuow in 
llic mnI, with tlic usual diagonal nackH and vaitable 
width Tins fuuow lies oil llic noilliensl Bide of the 
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lake Ear tha first 0 875 of a milo of its length It then entats the water fplate Oln) uul 
fallows the northeast side of the lake, a little distance ham dune, to the San Andicn* dam 
at the lowei end of the lake In this distance ol neuly S mdes, the fault-tioee enrages 
fiam the water at a numbei of pouits wheie little eapn pioject into the lake Tho eioss- 
ing of these napes fay the fault-Usce indieates that it follows a vmy stiaight comm beneath 
the watei at the lain On the last of these pnomontoues traseised bv the fault, the main 
fault-bane has associated with it a numbei of auxiliary cracks Between the main 
fault-bane and one of the drveiging crocks, an the bouthwast aide of tho fault, n a biiok 
and eemoot gateweU m connection with the tunnel which takes the waters homlhe lake 
towaid Millbise Thu gate-well was cneular in oion-sootion, tha inside diamolei being 
about 26 feet The nearest pout of the abuotue to the main fault-tiaoo u within 5 feet 



The walls are about a foot thick, and an stiangjy butbessed As a result of the sh ook 
thu gate-well waa shattered and defoimed so that it hwwMnn o\ al in eraua-aaetion, the east 
and west diameter hemming 80 feet aiul the north end south diameter about 21 or 22 
East, aa shown m the accompanying figure A new concrete gate-well a few feet to the 
north, rectangular m crose e c ctaon and having three eompertmenta, each 2 5 x 25 feet, 
was uninjured, alt ho an the line of the eame branching ciack A concrete mniwiiw 45 
feet northeast of the damagpd gate-wall, also on an auxiliary crack, waa nmilaily unaf¬ 
fected ()3eeflg.85) 
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At the San Andieae dam, the fault past thiu a ioeky knoll which anves aa an abutment 
for the dam on both hides, tho embankment being in 2 paita Tlio locks weie ahattmed 
and the load ovei tho dam and the fonec pmalloling it were ofhet aavmal feet m the 
U'jiml dneebon Hio giouiul heto was liavciacd by loveial ciacks, Lhoeo on the aoutli- 


i 

i 



>ia ■ ftitwiilnn of Bu AnditH ilia bf tall A Flu o( du k hi prtt, villi 
nKkbatnu M Balatlnoldaatoutavalrluul 0 XMaUofiiutautoluual 


—I «il« tiF flu fult hr uiwhliig umlliiiily fmm It ud tho— an tin nn rthfHwt aide hanneh- 
ing northerly. Below the dam a heavy wooden flume on a tree tie within 00 feet of the 
foulttmee wee hiJmImmI for about 60 foot of Its length. 



100 


REPORT OP THE CALIFORNIA EARTHQUAKE COlIlHSblON 


About 126 yaiik below the dam tho fault past thiu the lowri end of a mossn clj built 
buck and cement wrote wen tunnel The unide dumetei ot tho tunuol was about 7 
oi R teat and the wall* weie 17 inches thick At tin intiisactnii ot the tault within this 
atiuetuie, the lattn wu sta\e in and smashed in ]nocis loi a distance of abouL 28 tcct 
The tunnel wna oAsct about 5 leet In the ehnttonng ot the Iniok woik, the oincks and 
luptuira in no case followed the cement between the bucks, but bioke scios* the laltei, 
tho cement and its adhesion to the bucks being sbongri than the bucks thoinschcs, 
altho tho bucks weie evidently caiefuDy selected uni ot good quality Hcicial ciacks 
tiaieiaod tho tunnel longitiuluiall} and obhqiu.lv to the nmtlicast ot the pait that wae 
demolished (See fig 80 > 

About 660 yards below the Han Andieaa dam, the fault-trace moat a boundaij fonec 

between the estate of D 0 Mills 



I*io ST—Fanra flolli ID Dulocaled Iknlt 


and the piopeily ot the Spung 
Valley Watei Compaq), causing on 
uttsot of about 10 feet IIcio tlie 
defmmabon of the fence was dis- 
tubuled ovti a zone 300 feel wide 
in the dncctum of the fcnco, 01 
about 260 tool in a dnrciiun nui- 
mal to the bace of the faulL A 
sinvey of tho dislocated toncc 
mule bv R B Symington, C E, is 
shown m fig 87 Half a mile bo- 
low the dam, tho tault again eiosl 
the Piloieitoa pipo A note by 
Mi Andoison as to the conditions 
at this intci section is as follows 

It is a Moot pipe mndo of non 
1 inch thick The fault bioke it at 
an upward band An elbow at the 
bend was audit by the oompieision 
and thiown down, while the two 
lemoning ends weie hi ought about 
22 mchee neaici togethei At the 
same time they wmo faulted past 
each othei a distance of 20 inches 


The mpe luna N 26° E, making an angle of 60° with the fracture, whioh here 111 ns N 
4£P W The telescoping at this angle, being 22 inches, lepiawita 52 inohea of faulting 


In Hub neighborhood the fault cioat a wue fence neeily noimally, the line of whieh 
had been caiefully established by a eaiee of stone monuments The fcnco marks the 
bounduy helween the estates of D 0 Mills end A M Easton The deformation ot the 
fence as shown in the accompanying diagram, fig 88, fiam a smvey by R B Syming¬ 
ton, C E, extended o\er a zone ut least 2,200 leet wide On the southwest eide of the 
fault-tiace, the fence was displaced to the nmthwest a distenre of 0 8 feet, and on die 
ncatheaet aula it was displaced to the southeaat 8 4 feet, making a total displacement of 
12 7 feet uul showing a slight diag dose to the line of the fault Thera wen two par¬ 
allel crooks repres e nting tho fault about 90 feet apart, end the chief displacement took 
jdaeo on the west crank 

About 0 025 mile ferthei southeast, neat the upper end of Crystal Springs lake, the 
fault most another fence showing a (bsplacement of 0 feet About 0 26 mile south¬ 
east of tine place, the fault aoet the Looks Cieek 4kuh pipe line Regarding this 
intersection Mi Andaeon wiitez 
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Just nlmve the nnillmn end nf Civslol Npimgs Lake, a 44-inch unlci main made of 
unn 0125 imh thick luns up (lie hill lium 1 lie lake vnlle\ m n dnccLion about N 28° E 
This line is liuiicd all tlie way undci vovci.d tep( ol iml The fault noun it at the banc of 
(lie lull, in Hi N J7° W tomvc, thus milking an aiailc angle nf 05° with the pipe line 
\t llic inleiicclinn i*T I lie fault and thp lma* line, tlie hcait n\ols nt Hie pipe were tom out 
all the wuy mound it u sulion joint and tin. 1 tun tcrtniaveic inmuad into one anothoi a 
distant c of 4 Ice! 4 inches In addition to tlie teUvc.n]nng ot tins jape, a slight change in 
i nuisc was lndunal, mi that the unit Insist end lieuded one ni tno degrees ninio (nwaid tlio 
east III in tlie ulhci end This was slinwn hy tin tact lliet the luoLcn ends dul not fit inln 
(Mch otlioi squsiply Thpip was mi latcial displaicmcnl, the nholo nuiYemcnt having bean 
taken up hr the Icipsc oping, but ilmo nnv n Ijeiuhng ot tlie pipes nt the point nr the break, 
ns mentioned Tlie mam part of the pipe, nt a distant e horn tlie luull, must hnve moved 
with the land At the fault-tunc traio wan a hcml amounting to one ni two degrees 
Hupposing llip honing (n he uinplp, tins amount mdiraled that the land must have corned 
tlie pipo the distantp lupievntul hr the telcsuipmg, oi nbuul 10 leal, within 300 to 500 bet 



nf the fnult on one udr, and that beyond hucIi a point the pipe must linve pieseivod its 
nminaliouise Asamnlloiof loci, tnissnmo pipewnaluoken on the nmihenst side ot tlie 
fault about 400 feel fuithci up thp lull The lneuk opeunod at tho pinclion of 2 beclioiu, 
tlie nvols having been sheared oft and pait nt tlie nm tom awnr d tlie uvet holes Tho 
ends ware pulled apart A T76 mehon ITeio the pipe lesumed its fnnnei enuisc, but owing 
tn the slight amoant of the pipe displayed liy the oxeavntum, it was impouilile to sea 
wheLhci a return hand ocouiied ni not llevond the Ineak tlie duactum was as before 
measuied, appicrumatsly N 28° E Nn suoh bioak ocauued nn tlie southwest side of tho 
fault A (.tack was foimod in the oaith at right angles to the pipe fm aovcial yards on 
either aide of the bieak 

The measmements of the enginoau of tho Spiing Volley Watci Company cm the 
bicak and displacement of this pipe it tho mlcisoction above dcscnbcd by Mi Andm- 
son aie given in tho accompanying dugiam, fig 80 

About a mile southeast of tho Locks Cieok pipe line, the liacc of the fault entered 
Ciystal Bpiingt I«ke for the stago of water of Apiil, 1000. At 2 5 miles farther 
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southeast, it cranes a email point projecting Into the lake from the non theart aide 
Half a *"■!■ beyond it pamea thru the dam between Upper and Lower Ciyatal Springs 
TjiImi Hub dam u now amply a cauaaway aaon the lake, the watoi on both aides 
standing at the same level The dam was randoced supeifluoua except aa a causeway 
by the oonatiuctum ot the great eonciete dam at the outlet ot the pieaent Lower 
Ciyetal Spiings TjAa Hu latter was umnjuied by the naifliqiiakc, a caieful exami¬ 
nation having failed to levaal even a oraek m the qdendul sbuotuie 

When the fault mtei sects the causeway dam between Upper anrl Lower Crystal 
Springs Lakes, the dam wa* dislocated and offset about B feet (Fig 40) Hus dis¬ 
placement waa well mailced in the roadway aoices the dam and in the fences which 
parallel it Hu fences on both aides of the road wme fanoken and the boards woe 
buckled and shoved over each othei, the telephone wnm mossing the lake sagged oon- 

ndeiahly, showing that the movement biought 
the pdea doser together Hie faets indi¬ 
cate, as previously stated, that, m addition to 
the offset of the dam along the line of the 
fault, then waa a notable oampiesmon m the 
dilution noimal to it Beyond this dam the 
tiaoe of the fault u paitly beneath the lako 
and partly abrta its aouthweet shoie (for the 
water levd of Apid, 1000), and finally leaves 
the lake on that Bide about 0 26 mile horn its 
southeast end 

Expenna tf As /ouU-pfans (R Andeiaon) 
—In addition to the evidence given by foncos 
and pipes, there is the displacement of land 
surfaces and actual exposures of the fault face 
at the surface Examination of mounds, om- 
bankments, and dime lines moat by the lup¬ 
turn usually revealed a displacement of the 
surface, and an interruption of the old topo¬ 
graphic outlines In the case of mounds eub 
by the fraoture, the displacement makes iteelf 
apparent m vertical soarpa In oonseqnonoe of 
the ouived surfaces being faulted past each 
othei At the nmthwert face of a hillock, 
near when the funow emeiges ham Ciyatal 
Springs lake, the nmtheert mde of the mound 
—the side away fiom the lake—haa icticatod 
lelativdy, leaving a poition of its lower dope in juxtaposition with the hi gh™ elope of 
the other bide A hoiuontal line across the exposed face would give the distance moved, 
piovided no subsidence bad taken place, which does not seem to have been the -« 
The distanoe eould he only apptoximatoly measured, but it is at lesst 8 m 10 bet A 
mack 2 to 8 feet wide and several feet deep Beparatee the two walls locally Looking at 
the othei enle of the same mound an inegulai faoo several feat u height la exposed on 
the nmtheert side of the fault, the natural leault of a lon gifnHinni slipping Hio fault¬ 
ing of raised surfaces after this hduiwt wee discovered in various othei instances 
large hills wme cruet only two or three tunes m this stretch of the fault They were 
not eo affeotod 

Hie banks of abeam channels somebmes preserved evidence of the movement even 
more completely then did mounds Almost svmy gully erart by the fracture suffered 
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a disjointing, resulting in a nai lowing and bending of the eh&nnel at ana point The 
ImIm an the noi thesst end southwest biiln of the fault wete thiuet past each ollioi soutli- 
oast end noi thweet, lcspootively Usually the movamont losullcd in the uushing of the 
loose eaith at the suiface, while the loots of plants tended to hold it m plnco, so tliat the 
displaocmont wss not evident in its full efleet An mnunpln whcie thh is well shown 
oocuie in the eliannnl of a small sLioam 1 mining at light angles to the fault valloy just 
noith of the noith ond of Ci}ital Spnngi lake The banks ot the gully weio about 20 
foot high 'Wlioio the fault riowes the southeast bank, the parts on cithei sido of the 
creek faullod post osdi olhei hoiisontally, the lcsult bung a inlativo displaocincnt of 
the nmthoast side of the fisctuie st lank 8 feel townid the southeast Tlieie is no 
veiliosl mo\omenl appsionl An esosipment is loft exposed on the southwest side of 
the fault fiom top to bottom of the embankment The matmial of the bank, plaslie, 
oigdlaooous eaith dmived from wealhuul dude, was slightly moist at tho time The 


fault planob aie closely sppiest 

and the elay was loft dioloMidod n 

and hnod with distuiet hmuontsl * 

stnations (Plato 03s) Tho op- 'wjA 

pouts bank of the slioam gives *«« . 

evidenoo of a similar movemonl, / 

but the loose osilh was held by / 

loigo loots and the displacement ASgp)/ / 

of the undulying eaith was oh- / , 

soured The two piojoctmg fooee V. S / 

of the oppoula banks almost mot, y / / 

making the ohannel varynaiiow r / 

and ouivod 1 ' Z/ 1 / 

A bleep onihankmont of wenlh- 
erod am pontine and soil ocauis at 

tho souUiorn end of San Andiesa ' sy 

Lake, whuo it is cost by tho emnu. 

fault Tho zone of luptuio is / 40 $/// aMM ^ / ^ aram 

sevmal foot m wullh and the ' 

fanoken matuiol on the nmlhcut 'V/ 

udfl is shown piojeoting sovual _ 

foot faqyond its piovioiia position — - T T 

in nnnljninfv villi (lu Mmvmfinn Ha SI -Me of Innll-uua tuna ulri dam M*mi Uppai 

in continuity witn tne suponuno — c«y»imi spHa* ukn mihii suibmIu 
slope A displacamont of the 

ghoio lino is obsuvnUo at sovual plasm where the fault fissure onlus the lake 
Wherever uaclu weio oponod, scsidh was mads fm tho disjointing of squuiol holm and 
othor dismqponucs due to Arfiin^ but with 1 other unsatufactoiy lcsulls Boots, 
h oweve r, were fo und broken and displaced in socoidonee with the genual movement 
aa shown by othu things In genual, the search fm ovldonco in the sepsiation of 
diffuent of vegetation 01 of ooloi in the esith, etc, tailed to add anything of value 


rn SI -Me of Innll-uua auma ukl dam botnnaa Uppai 
and Loaai Cijalnl Bpriasi Lafem. Vltarll BUibmIu 


to evidences of other kinds 

VahadmenmaU (R Andenon) — No proof was found of a vuticsl movement along 
the fault Iwm» Here end theie oocui email osesrpoiente along the fiasuim, vaiying horn 
a few mx&m to sevmel feet m height They were only local, however, they exhibited 
no wwwtiuy m tho —dn of tho fault upon which they appealed, and were invariably 
explainable uther as fault siposines such as are diseust m the pravious paragraphs, m sa 


■TbswritarktadriitadtoMr 0 E Dumll and Mr T D Fmw.ofSt Mttthm School, Boa Matso, 
tor the dianoraxy af tMa lulmullna example of tanltlni 
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due to settling of loascls accumulated 01 uusuppoitcd eaith Fot this reason no aedenao 
is giscn to the idea that au uplilt 01 downthrow occulted along this put of the fault 
TTu* statement n bend ontnely on the eiulonce udlceted on the giound shoitlv after 
the eoithqualra and has nothing to do with the duection or amount of eailici displnoe- 
ment along this same (ault-hne In some places an upwaid thi ust scorns to have taken 
place, ts in the cone ot 1 using 7 pipe* This may, hovretei, liave been caused by wavo- 
like movement in the giound noai the euitoce ai amply by tho local healing up of the 
giound ee the lesult ot completion 

CRYSTAL SraXSSS LAKE ID CONGRESS SPRINGS 

Foi oui knowledge of the chaiectci and extent of the culh's movement on the fault 
tai Uiat poition of its coulee hang witlun tin limit* of the Santa Qua quarhanglo of the 
U 8 Geological Suivey, oi between Civstal Spimg* Lake and the vioinity ot Gongina 
Spungh we ue indebted to ohscnatams mode by Mew* H P Gage, F lane, S Talm, 
end B Bi van, undei the dneetion of Piofcsun J 0 Bnumm The nofan ot these gonLlo- 
men uo pieceded by a eummu> statement, end aie uianged as fu m poesiblo m 
eequenco from noithwcst to southeast ui the following section 

ilimMtaiy tlaletncnl ij C Biamm; —Tin fault-baoe that follows the San Andicas 
Valle} continues southcnstwoid m a ncail} stiught line Bet ond Ciystol Spungy Lake, 
it peva* tluu the village ot Wood*ide, the Poitdk Valley, classes Block Mountain a mile 
southwest of the tiiangulotion station, lollowb down the goncinl couise ot Stevens Ciook 
a distance of 5 mile*, and thence, following the same gcncial ducotton along tho eastern 
slope ot Castle Boek Bulge, paoscs oil the eastern bide ol the Santa Ciua quothonglo 
neu latitudo 37° 10' Weal of Stanfoid Univeiaity it tallows along the noilhcosloin 
base of the mountains that In between the Pacific Oram and the Bay of San Francisco, 
but as it passes towaid the southeast, it cub> into the lange and leaves Block Mountain 
and Monta Bello Bulge on the noithcaat aula, whilo south of Suatogn it keep* well within 
the mountains A singulai lestuio ot the tault, Ob a appeua at tho outface, is that in¬ 
stead ot following the bottoms ot tho valley*, it often skills along the bnso of emo of tin 
enduing iidges, as shown in the accompanying sections (Fig 41) Tins is not an tn- 
saiiablo lulo, howcsei 

It will ho seen fiom tho map.^No 22, ot the isosasmal hnes on the Saul* Chm quadiangle 
that lhoie aie sesnal othei faulta within the uoaof the quadrants, but evidences of 
movement ot tho time of the oaithquakc hue barn found only on this San Aiulioas 
Tault-line, with the possible exception of slight movements along put of the Hl^lr 
Mountain fault Clocks in the giound ocoui heie and theie dnwt all ovoi the oioa 
coieicd by the sheet, but the docks away fiom the San Andiras fault are due to incipient 
landslide oi tn the settling oi loose at wet giound, and aie nut othei wise lolntcd to the 
mate piofound faults 

The moiement that took place along the tault in this poition of its comso at the timo 
of tho eoithquokc was almost ontnely a houiontal one At seveial planes cvulonces 
waie been of setUeal displacement, but fuithei examination showed m many instanoce 
that the appealancea woie deceptive on due to local causes For example, whoio the 
fault eio*bBB the top of Black Mountain theie woo apparent!} on upthiust on tho multi¬ 
cast aide of the Eault But it was found latu that a gieat wodg e s haped picco nenily 
half amile across had Bottled on the southwest aide of the fault, producing this appeal anco 

The dneetion of the houiontal displacement is uniformly a lelativo southeoalwaid 
movement of the lend on the mntheeet side of the tault The amount of displacement 
vanes m this aiea Fiom near mo to 8 5 teet This variation appeare to be due to the 
ohaiootei and condition ot the giouiul Usually giound that woe wet and incoherent at 
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tlic Ume of the iupturn yiclilol nnd was nusht so as to distnbule tlic displacement thru 
the t>uirounding Rod In siuli plates, but little 01 no liouaontaL thiust appoaiod at the 
sinfocc Wlicie (lie land was well diaiiitxl and llio nuilnce inatciiah wcic dir, tho gioutul 
hold tngcthei bellei oxeepl along the li.icliiui itself, anil tho displacement was moie 
apptuenl II •Ains highly probable, linwevci, Ihnt, owing to the ilcop ilccomposition of 
tlic locks anil tlio (laqucnl movements anil fiaotuiad romlihon of the Inal* along the 
fnull, Uio maximum displacement does mil appear at the bui face anywheio within the 
uoa of Uio Santa Ciui qmuliangle Nowlicio lias the riactuio bcon found passing thru 
ficshly broken beds, aiul in view of the* antiquity ot the taull itself, and the midonco of 
many movements uimii ll, such an cvposuio is not to be expected 




Via 41 — PioIIIin of Hilt, Bhnvlii|ialMliiiief Hull loslapM 

Ciyatal Rpnnq* Lake to Portola — HouUiensl of tho southern end of Ci>stal Hpimgs 
Jjake aio numnoiM crorlcs along Uio hue of the fault One let* than 0 5 mile fiom tho 
snulliein eml or the laka past dueetiy undoi a house, the rhininey ot winch hail fallen, 
nnd the building hail burned to tho giaund (28, map 22) About 1(10 leet boulhcest 
of the load neai this house (20, map 22) a uaok 15 feel wule in places iuna approximately 
poiollol to tlio toad The nocked belt nd|onnng is about 4 feel m width, tho downthrow 
1 icing alrnul 0 inchch on the noilheast side, the latcial thiint about 1 foot on tho oamo 
Bido, tlic nmtheasl Hide moving souUioast lelalive to the opposilo snlo 
About a mile southern! of the loko aic huge cracks, i mining approximately nmQi and 
aouth, in places 15 feat wide At a point 2 mile* uutheaat or the lake, a ciaok about a 
Toot wide in ciofat by a fcnco lunmng N C3 C IV (27, map 22) Tho top wuo of this 
fence was broken by tension duung the shook, and tho pent noaicsl tho crack was anapt 
oft at tho ground, the adjoining post being upiootcd, and bent over in the same dnecban 
oa the broken omo Tho posla ore of split wood about 5 inohee in diamalci, and tho wnee 
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bfb 2-etiand barbod wiie TIiib bolt of ciaaila oontmucs for about 300 yaidb along the 
road Nmu Woodaule theie vn a 2-inch ciack bonding nmthwestraoutheaal, with an 
upthiuat of about 2 inches on the nmtbeo&t ode A nook 16 feet wide in places iuin 
N 23° W. amass the load, enteung Wood&ide village bom the aouthwebt, juat wcmI of 
the bridge, and in places shoos an upthiuat of about 2 feet on the northeast aide A 
gin nil tree on this ciack was upiooted m the weatein put of the Milage On the 
King’s Mountain load, aoulheeat of Woodaido, a laigo mark of the mam fuult-tioeo 
cioat the rood, und the fences on both sides oeie pulled aput (See plate U2n) No 
vmtical thioir was observable About 200 feet west at the fault fiactuie were scvoial 
amallei crooks paiallel to it 

Frnthei southeast, down the load towaid Foitola, the main fault-troco ciomb the 
load ju&t nmth ot the aoek and within 12 feel of a giant ledwood The ground was 
nused and ciumpled bcjoss the load, and the macks extend both up and down the btieam 
from this place In a chiatm of young redwoods southeast ot this rood a boaid fence ia 
bent out of line, and huge eiacke opened among the loots ot tho tioes A who toncc was 
pulled in two and one of the posts split In this cluBtm of bees the fault past tlnu and 
spirt a big ledwood otump 

Two fences ci owing the crack at light angles noai 12 (map 22) had been thiown out 
of line, their northeast poi turns being moved aouthfleat ldative to than aouthwebt poi- 
tiona They had been given an oHsat of 8 6 and 8 feet lespectively (Plate 03n) A 
large oak tiee standing on the made was uprooted, while bronchos wme uiapt on a big 
white oak bee just south of the built hue 

Northwest of Seueville lake, about a mile, theie is a belt of mashed giound 7 or 8 
feet wide, one made being 1 foot in width The appwent upthiust was in some places 
2 feet on the northeast aide At other plaoea there la no diango of level On tho Pen tola 
road, just southwest of the SeazeviUe Lake, paiallel cracks with a trend N 48° W, some 
of them 15 foot wide, were formed aaraaa the read and extended into the mush to the 
runthweeb and into the woods on the southeast Wheie they most the load, the fonco 
bonds were biokon and the earth shoved up u ndgse, the northoaat aide of the mack 
moved southeastward. 

The mun fault fracture passes thru the Portole Valley and mosses the public loail in 
hont of a small 1-atory houn eouthoBat of the village atme Whwe the fault mo*os 
the read, the fences an both aides wore torn m two, und in the puna mehaid south of tho 
load the rows ot trees were displaced m eome instances about 2 feet The cracks in the 
load wme about 8 mehaa wide, approximately paiallel, and lmining newly noiLh-soulh, 
while the directum of the fault line itself wee about nmthwest-eoutheaet 

About a mile beyond Pm tola, a oracle, measuring 2 6 feet m width in some places, most 
a field, the cracked ground spreading out fm 10 feet at mtmvale Wooden tanees mov¬ 
ing it wme broken, water pipes bent and pushed up to the outface of the ground, and a 
dead tiee near the line of the made was thiown down Thera was an apparent upthrust 
of about 2 feet on its northeast side 

Boadfiom Judge AIZm'a eoulhvnrd —Between 3 end 4 miles southeast of Pm tola, 
many cracks were visible extending in ell do cottons Bevmel showed an u plif t on die 
east m northeast side, which is also the downhill aide Soma craoks wme bom 4 to 6 
inches wide, and had a vertical throw of nearly a foot In other piiw the downhill 
aide had been thrust upward, and pieeea of the cruet shoved ae much as 4 inches over 
the uphill side Near the top of tho ridge, just before reaching the pout where the trad 
breaches off, a 4-inoh crook running 8 03° E showed a 4-uuih upthrow an the northeast 
(downhill) aide Booth west of the ndgp and about 100 feet below die trad, an old land¬ 
slide dating book to som e tana within die past year, eowe about 2 acne Around 
dule the ground appeared to have been much cracked recently 
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Along Uiu boil Uio ihictLiou of tlio cinckH rated oonodciatdy One ui inch wide m 
places, elscwliue blanching into dcvoibI sniallci ones, was bocad foi about 100 yards, 
i lncfly along tlio cimL of Uio lulgo It* dueeLion vaired fiom duo coal to eoulhoast, and 
ilia upUurnt on Uio west wrn somotimrb ns much u 3 feel Going noilhwobt down the 
nabl of Uio mlgn, nununoue amoks ciosl m dncclums vaiying tiom southeast-muUiwcst 
lo lunUiaasl-eoulhwmt, scvoid showing nil upllnuiL vuiying tiom a few iirehu to a loot 
on the soulhwcHl eulo At Uio fool of the bail, a luigo ciack lunning down tho cruloi 
ol Uio valloy followed Uio load for almut 100 ynids, tlion cut smoss the fickle In plo*** 
lira oraok was 2 feel wulr, but in oilier places a mlgo 3 foot high had boon inirad bosulo 
lira load, niul thne wrap many poisllrl clocks wiUun 50 foot of eithm side Thao were 
upUuusls and duwnlhiows, suino no uubh us 15 fcoL, but lira total diango ol lovel aocmcd 
lo bo ml 

Alpine toad —A fault branches bom the main Bon Andreas fault in the Poitola Val¬ 
loy anil mosses Ura Alpine load just whore the Poitola loud leaves Lhc laltn At this 
folk, bpvraul clacks wmc foimeil at tho bmo of Ura coithquake A watra pipe 2 inches 
in dianiotor was buckled and lifted ont ol the giound licie, and hiilhci along tho Portola 
load this fvuno pipa wbb pulled apart Following sonthwaid ulong tho Alpine load, the 
mud. ovulonoo ol diaLuilianoc by lira caiUiquakc was where Ura main faulL-Liace ciosaoe 
lira read 076 milo souUi of wlirao the Portola load folks Here the load waa ao 
boilly biokon anil raaekrd Unit it was not pamblo to tide a diivo aaom tho line tin e 
until tho place was lqraired (Plato 03 a ) Tho fracture followed ulong the south sido 
of Ura load foi a distune of 300 feet, louing up Ura bank with cracks, Bome ol which 
wpip a TooL or nunc am ore Whore the load bends lowaid Ura souLh, tho fiaotuio cioet 
to Uio nmUi sulo of Ura load, making oavilua aovoiul feet doop Thoao cracks continued 
Itiwaid Ura norlhwuBt Ihiu the undnbrush, pulling apai l a baibod wne fence and leaving 
many wcll-nuukcd funowa tliru Ura odjoimng Grids About 80 fcot north of tho load, 
a while oak, somowhat woakouod by decay and fne, was jerkod oil liy tho violenco of the 
shock To Ura souUiossl tho fsult-bno is bacaablo by a wdU-moikod funow Ihiown up 
in Uie fields Whore tho fracLiire oraoscs tho Alpine load, there uppoam to have boon an 
u]difl of about 2 feet on Ura iwiUraaal sido of Ura fault Thu appoarnirao may bo duo to 
Uio aolUmg of a pail of tho iidgo of bioohaml matmiols to Ura south, oi it may he duo 
to Ura latnal Unimt along a doping suifaca 

HhA Mouniatn. —Tho gioal man of Black Mountain lies IraLwoon the Ban Andreas 
fault and a Inandi fault (Black Mountain fault) which, stalling in Lira Portola Valloy, 
anissPH Ura Pago Mill road on Ura nmth aide of the mountain about a mile south of Oailta 
vineyard This area boLwoon Ura faults waa badly shatlaod by Ura caithquako, tho it 
la not doar whether Ura abundant cracks found ova the suifaoo are to be atbibuted to 
lira lraldnare of Ura topogiaphy a to Ura crushing of Ura wodge-shaped and of tho fault 
block Savaal days aftn tho aailhquako, 815 cradka, laigo and small, woio oounted 
pinwg pin iwinniy load (Pago Mill) m a PmUlimw of lore than 8 milos between those faults 
Thoao cracks ran m every dmollon, and aomo of them wore elcaily aLtnbutablo to looal 
lopogiaphy, whilo othcre ont thru tin mountains In apparent dinegud of Ura topography 

Tho mom fault-lraco araasos the Page Mill toad m a lopogiaphio saddle ncai Unco 
fxamo twM The displaoomont ooeuiied along two paiallol and wdkdefinod oradka 
some 80 foot apart Thoao oradka oan ho tnoedaaosa the flalda on both ndoa of the road 
Toward the nmihwuBt they oonvergo until they ore only a few feol apart Whae they 
Croat Ura rood, the fracture was not a single desn-out break, but made up of a aonea of 
mail abort creaks hom 8 to 6 aarasa, parallel with eedh other and ff Bplmte^ng ,, 
mi»m the gonad dirootran of the fiaature Tho fencas on both sides of the road were 
diapUced about 8 feet, and thae was an apparent diop of IB inches on the southwest 
ode of the fault. Tlio hmuontd displacement showed the northeast ado to have moved 
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lelatively towaid Ihe southenit The appaiont voilical di^plnccinunt iccins to be decep¬ 
tive, or mthei, it appeaiu to be due to tho settling of a wedgp4iaped mass on the south¬ 
west Aide of the fault The south mile of (his man was indicated by a ciack about 300 
yaida taithci south along the load whine a uocL showed u diep of seveial inches on tho 
noithesst side On the Monte Bello Bulge, a mile southeast ot tho Block Mountain 
tiiangulatiun station, thme me a taw inconspicuous Clocks, without any uniloinuLy 
of dueotum Jiu>t south of the tnangulatum station, the ciaclis wcic muio conspicuous, 
ono of them was 200 feet long, and had a heaiuig of N 13 s W At and ubouL lluldon 
Villa, a email lanch ui the deep valley 2 miles noithwest of Black Mountain liuuigulation 
otation, thue weie no ciacka in the low giouxid, men wheie they wpip espcctod, as this 
a on the line ol the Black Mountain tault that noaacs this icgiou horn llio ducction ot 
Poitola 

Page Mill road — In following the Page Mill load up Gonle Mailoia Cicck liom May- 
field, the flint noticeable taace of the cfiithquake was a ciack (loosing the iobiI due east 
anil west, its width vsiying flam 0 5 to 1 inch Wagon-hacks showed a latciol displace¬ 
ment ot 1 loch, tho noith nde of the ciuck has ing moved west, iclatively to its south sulo 
This ciack was tiaced a shoil distance rnlo the field* besido the iooil, whcio it disappeared 
Bevnal smallei crem-ciocks mtasceled it at mtnvals Him was no uppaioul vuilical 
displacement About 100 yaids feithci south were 8 smellci ciauks saving fioin 0 2/i 
to 0 75 inoli in width One ion N 53° W, and anothra N 23° \V Tho laLlci, boing only 
8 feet fiom a oulveit nossing uudei the load, appeals to liavc been deflected by this 
tiom a ernuee limning mme noaily oast Hoie again was no wuleneo of vpiLiciiI Lluow 
Going on up towaid tlic Alpine 10 ml fiom this point, mme aiul mme macks wmo found, 
limning uppioxunately cost and west, with the ovception of sp\mnl noilh ami south ones 
wlime the toad ion closely paiulld to tho stream Less thin a mile tiom the hist nock, 
gioupa of ciacka wmo accompanied by small slides of dut fiom the lull to tho wosl ol the 
load, and taithm on fiom the bluft to the cast ot it Tho ciarks ion neatly poiallel with 
the umb of the blanch s alley l}ing noitheabt end southwest FuLhei up tho load, laiga 
macks began to appeal among smalloi ones lunmng puellcl Tho fiisl ol llictf was 2,1 
inches amoea and tan 8 18° E, with a downbhiow ot 1 uich on the cast side, and uiuhl lie 
baeed fiom 60 to 100 foot on eithci mile of the load Foi a mile fulhcr up tlio mad, Um 
macks beoame so minusoub and rompheated that it was onpossibk 1 to mail any individual 
ones They inteiheated und ion in all dupctions, anil wmo all of vaiving wultlw, tho 
laigcst seen moasuung 8 mbhos amass Tho bik of this ciack, howuvm, was pioliably 
paitly due to ila position on tho udo ol a hill The laigci clocks could be liact'd fin 
sevoial hunched tcet In some places mushing had taken {dace, and the loym ol macadam 
on the load hail been humped up and biokon In thus same aioa aie many s mall kuul- 
blidee, some lot go enough to cavm the load, one hoe ocouned s.nco the cbj tlnjuaku 

Sterma Creel — Following the load tiom the junction of tho Castlo Rook Rulg> iooil 
with the load liom Stevens Cieek to Bouhlei Cieek towaid 8tevcns Cieek, small nocks 
appcaieil aiming the mad in a duection of N 1° E Fuithoi eo*>l ncaim Stevens Cieek, 
the load was badly btoken up by the land sliding in two dnactions, N 18° \V anil N 
47 s E All along this icpon macks vsiying fiom a fi act ion of sn inch to 2 inches in 
width, sod limning fiom N 43° W to due lunth end couth, appeal eveiy 10 feet oi moio, 
showing a badly biokcn-up oiea Heie and them such eiacks lcsultod in landslides Irum 
the bank to the load A mack about 2 inches wide ion N 53° W foi some dislanco abos n 
the house, at the junction with the Stevens Check load On the Stevens Cheek load, just 
eftm leaving the Saratoga load, them worn macks every 20 m 30 feet, lunmng in the 
same direction, about N 43° W A mile and a half nmthwast of the place whme Stovons 
Cheek tuiui northeast, ftbtiip of pound 2 feet u width and about 100 yaids long had boon 
broken up, with a downthrow ot shout 6 imhcb on the west side Tho macks ion N. 
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43° W Fiom hue noilhwvbt the cbi»tuibaiu.c continue* in Iho -same genual directum 
A nunibui of bicaka otten occuuul logilliei, aiiaiigod aa steps, in each ea*o the dowit- 
thiow being on thi cast -side and lneobiuiiig about 4 inches, the dneetion \aiymg horn 
N 33° W to N 3° \V Following Iho Stoion* Cirek load on down towaid Congitus 
Spiuigt, smiul lniukhdcb wuio noted, inosll) small ones duo to caving in of the banka 
ot tho cwk Just west ol the spnngs die load was bailh biokon, twilled, and bhoved 
up fit placet), the dowutluow being hist on one sale aiul lhen oil the olhoi In somo plocoa 
ulong tho lianL the west side piojoclod 2 inelies foitluu than tlie oLlioi, while tho tones 
showed un oltsLt ol 2 feel The Luge stone budge olio** the eicck appealed intact, 
but west ol it a huge iiateh ot giound had blipl down 2 Tool 
South i/ConpidM SpingB —Neai und mnthwesl of the leseivoir 2 5 nnlos southeast 
of Congicss S pi mgs, hssuiea lioin 1 lo b loci wule ion noaily noith and bouth, and past 
lluu tlie cailbcn dam at the noithwcsl end ol Uio iesei\on (Plato OK j The intake 
pipes at the boulh end ot the icsmvon weio disconneoted, and Lhc escaping walei unihn- 
nuncrl a iiaal of the soulhoin dam of the icsci vou Thih icsoi vou is m a topogiaphia 
boddlc aiul has dams aL both onds Tin. Uult-tiace passes tlnu this saddle Wheie 
tlio bottom ol Hie lcsusou was expoaed by Hie cbcajra ol the walci, cioeka ot tho taulL- 
tiaoo worn esposod in the mud Fences mossing the fissuics showed hut httle displace¬ 
ment, the displacement moved the nuiUionbl hale towud the bOuUraosl, relatively 
Tlie hillb boulhcasl ot tlie lObCivoit have sleep slopra ol fiom 20 to 00 ilcgicos Tho 
l lacks lollow tho east-lacing slopes aiul lliu cast sule ol Lhcse nooks had lai&ed about 
0 or 8 uralics Soutlraast ot Uio liaoivoii tho chimneyb aiul walci-tanks wme down 


CUBKEBB SPRINGS TO BAR JUAN 

Mi O A Waimg, umloi tlie diieclraii or Pi of J C lhannoi, studied Uio displacement 
along Uie lault fiom lira vicinity ol OungiiM Spungs lo ita southern end ncu San Juan 
Tlio following is mi account of Urn plicuomuna obsoiveil by lum 

Claris and dufdanmenli along Iho fault-hate (O A Waimg) —Stalling at tho upper 
lencivoir ahuut 2 links souUi of Congiws Spnngs, lira faiiltrtiace was followed to its 
HouUuun end neai San Juan Fiom Uio uppci icheivoii, lluu which the lault past, 
(racking Iho danib aL each end, a fanly coutinuouh sraiea of cmcks a lew inches wule luna 
down the southwest side ot Lyndon Cieek about 2 miles lo Mi Udwaido 1 placa, “Qlon- 
iloia <r Tluuoul Uib dislanco the mdivulual oiaeks lun H 8° to 13° E, whllo tho lino 
as a whole bends 8 38° E The lelotuo movement of tho noitlieast sido of tho lault u 
liom 14 to 20 inchih southeast Fiom Glendora Iho fiaeLuied aonc bocoinou wider and 
not so distinct Tlw loam lesmvou u slightly maekod and sovcial Amuim appeal noar 
it, but Ura main line of fiactuio aocma to ho neoily 0 5 milo west of it, showing m two or 
Unoo cultivated holds Tho whole lulgo west of Uio lcsmvoua waa scvmely shaken, 
howovci, for nacka 4 oi fi inches wide opcnocl neai Guidy Hook and uncial laigo slides 
occuiicd m its ncighboihood One watci-pipe mooing noith and south on the Beatty 
placo was biokcn, while one bonding oast and west waa unhuib No macks wme found 
mossing the lidgu between Chiiily Rock anil Whito Rock Tho cracks wme next found 
on tho toad about a mile oast of B M 2135 of the U 8 Geological Suivey, but they do 
not show m Ura uncysxd to tho southeast Oo tho lidge load, about 6 mikfc noith west 
of Wiiglil Station, the fault agam draws slightly in a few 2-inch maolm beanng S 8° E, 
with a slight lelatTvo movemont of the oast Hide towaid the north Going down the 
slope fiom bcio to Wight, tho ciaclm lapidly bocomo laiger 

At Patohin, 8 miles west of Wiight Station, thoie are Assures ovm a foot wide treading 
mainly m the dneot line of tho fault (8-33-° E.). Several abotchos of numeioua small 
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mocks alternating with a few long, continuous Gsinn, muik the couibO tiom Fntchin to 
Wiiglit Station Thiu the Houell ranch it ib especially e\ulent d3co plate iHn) 
At Wiiglit Station the movement n well shown in the lailwaj tunnel iFig 42 ) Tins 
tunnel iuns southwest, and about 400 test in fiom the ess torn end of it thoie is n nenily 
veitical shcken-eided plane, showing a movement ot 6 Test Appaiently the soulli- 
wsst moved nonthwestwaid Between Wnght siul Alma, the railway track woe 
badly bent in places (w plate 107a), but the giound did not crack noticeably It seems 
to have been subjected to com pi canon, foi 7 inches had to be cut fiom tho rails wlicn 
the laaok was xopaned A laigs londslulo uKo oocuned close to Wu^il SlaLion, poilly 
Hamming up the stieam The fault past a little west of Wnght, toaiing up the public 
load at several places (plate 65a), especially at the Unckumlh shop, neai Bun ell School- 
house Sulhiroub fumes aie said to have naan from ttus oiadk foi aavei si horns From 
this place tho aaefes urn up ovei the ndgo just west of Skrland large fisauiCb show in 
the ox chants mH faiH« on the eastern side of the lidge, but aie noL so evident on tho 
western slope Haie, inatead, gieat landslides occuued, and ledwoods wme snap! oil 
oi uprooted Thru the timbmed region from Sky land to Aptos Cieek, the course ol tho 
fault-trace is marked almost ih entue length by a swath of felled tiecs, tiuo fault fissuias 
being found at only two plmwa On the noithern side of Budge (heck Canyon thoie 
bib typical ciaclm fiom 1 to 8 inches wide, and bcie also oocuned a gioal landslide which 
buued the Lama Piieta Mill The second place whae fault fractures mo found ia on 
the udga between Budge end Aptea Cieeks, wheie thoie aie well-defined fumes up to 

15 inches in width, tiending S S° E, with a downthiow of the weBtcin (uppoi) aide of 
from 2 to 6 feet, end a relative movement of the east side a tew mehu lowiud the eoutli 
The cracked sons is about 50 feet wide Gnat slides an both subs ot Aptos Gicok have 
almost wwla a valley of the canyon foi fully 0 76 mile Following across the udgos and 
canyons, the dibcontmuons line of slides and bmkb in upland maishy places niaiks llio 
coui be of the fault-line down into the lowland 

The load at Coualitos ib «uH to hove been slightly cracked, and in the low lulls between 
Valencia and Gouslito* a few mocks wme found, but the fault cvulonlly iuns fully 0 5 
mile east ot Coualitoa The mountain loads east and northeast ot Canalitae wcio 
lendmod impnwnhln by landslides and by the budgas boing mjmed Gutting tho toad 
neai Hud Doll Cieek is a band of small mocks 35 yoida wide, ticnduig B 3° E Tho 
fonoe on mthei aide ia not displaced, but the posts Icon 30° to the southwest About 0 25 
mile farther northeast the stake feneo on the noithwestoin aide of tho load is moved 10 
inches out ot lino, and the giound jubt beyond has sunk a few inches The fiasuica appear 
to die out in the mushy land west of Wm McGiath's house, and they begin again a milo 
eastward, halfway up the slope Thiu this upland meadow lepon is qobucs of alulae and 
ainka gradually ruing m elevation At a small ravine, flmuics ogam appear and follow 
up it 09 33° E ) foi 0 25 mile, mainly as a gnat fuuow fiom 2 to 6 fcoL wide Tlnco 
ponds near the divide lie dueclly m its path, but the cracks mo only a few inches wide 
hen Thiu the giam fields beyond they an not very evident until at the divide botween 
the steep slope to the Fajaro River end the gentle westwaid diainago Sevmal cracks a 
foot or leee m width show an the udge, but the fault seems to set oft shout 100 yards to 
the northeast and to consist of east sod west (sacks, having loosened the whole slope for 
nenily a mile narthwaid of Chittenden, causing great l«HdiH— The fault-lino crosses 
the Pajaro River at tho railway bridge at Chittenden The movement is shown by the 
disturbance of the conciete bridge pane OSes pistes 17a, 06b, end fig 48 ) Thenoo 
straight amass the low hills and fields on the opposite aide ot the nver a line of crooks 
extends, passing 0 5 mile west of Mr Canfield's hows, "just where the eaith cracked 

16 years sgo " This ersek crosses the SsxgsiitSan Jose road a mile north of San Juan, 
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ns a srngjlo fissure 8 niche* wide, trendingS 68° E In the lowland to the southeast there 
la little ovidonce or Uio fault, but tiowng at light angles Iho oounty noil tunning noith 
and soulli about a nnlc cast ol ban Juan, is a bond ol small docks 16 feet aide, nauMiig 
the toad to sink 8 melius and making a iiwisli of Urn Hold bqjond Hue is boheved to 
bo tliobouthci nmoM, point of llic luccnl uimiiug ol tlm fault No liaoe ol it could be found 
wlioio it would ha\e aitel loads beyond, noi wmo otlici clocks found oi lspoiled m 
Ibis noigliboihood Tlio dibluibanec allcclcd Uic bonks of the Fbjbio Biver bom Ghit- 
lunilcn to Soigcut, causing a clocking and sloughing of the banks into llio stream but not 
a settling of die si l com bod The Sou Benito Riiei was smuUily sliaken for about 8 
Indus up liom its junction with tin 1 Fajaio Clacks sic also noliccabla all along the Bivoi- 
bido load wluucvoi itiunc close to llio nvoi hank The damage to llie concrete abutments 
of the county biulgo aorass Iho Fbjbio Bivci is duo to tins mowding m of Iho alluvial 
bonln of Iho sliaain 

The tunnel at U r > ighl 8tatum (E F Caioy) —Mi lfocioLlF Carey icports that ho made 
an examination of the tunnel at Wiight Utahan Boon oflei Iho eulhquaks, and again on 
Fefamiaiy 17,1907. Tho nault of Ins obadvahona ia incoi pointed in the following 
memoiandum 

The length of the tunnel n 0,200 Cool Its duaohon n 8. 48° 24' 6 W A fissure dost 
the tunnel E)0 fool bom Llio nm Linnet noilnl, along which Lhcic wna a lalmal displacement 
of 4 B locL llio movomoiil on llio eoulnwist Bido whs noiLhoily with reioicnoe to tho northr 
ent aide. Noihmg of this flreuic oan now bo seen, as the Lunnol along Lh&l part has Nwn 
cxoavalod, the walla hmbonxl and ontncly cbsauiod from vuw My dosaiplion rests 
on rnj examination soon afloi tho aulhqunlco, bofoic any wmk had boon dona The atiike 
of tlin fissure ia N. 88° W, making on angle oi 80° with the hand of tho Lunnel, and it dips 
at an angle at about 70° to the west Tho walla of llio fiasuic wcie well smoothed and 
sliakon-suod, but I did not doLoimine tho duootion ol tho sLiiic Upocimons bom this 


taken piano along the aamo fault in appucnUy a vai nLy of (Inactions Bpeeunens aceuiod at 
tho time have changed bom a damp, sticky, olay-hko mass to a lolativoly diy, hard, and cram- 
blod aondiuon btiooks of light-ooloiod sandstono caouucd m this daik altiition matoiial 

Tho damage to the lunnol itself oonsislod in Uio taxing in ot ovoilioad took, the Mushing 
in towud the oonlor af llio tunnel of tho lalmal upright timbcis, and the heaving upwniu 
of Uio lads, duo to tho upward dwplnicinonl of the undoi lying lies In somo huloiiom 
Lhasa has worn luokon in the middle In gcnaial Uio tap af the tunnel was earned noith oi 
noiLhcaet with lofmcnoo to Uie bottom Tlus scorns to ho the piovailing aondiuon in Uio 
menpsod put af lbs Lunnol not yet icpauad. 

I examined with puheulu euo the walls af the tunnel el scvmal points where the 
damage to the umban appeared to he giaaLael, mote ospoeisllv botweon 1/400 fret and 2,200 
fret in from the opening at Wright At oaoh plane I found sovoisl fissure linn running 
Bomawhal inogulaily, bat in grnorel parallol to Llio flesuo ahead) desoubed 400 foot in 
fiom the anlianeoat wiight. These uuuioa all contained moia or lose aluilion muwi«i 
Threo of them 1 hod an opportunity to axamino bettor than the othms In each new two 
dietinet sets af etna wore found, one ret vertical and Uio othei set hoiisontal The han- 
sontal ul was clearly moic lecanl than the vertioal sot, end to all appeal oncee might 
have been fanned the day bofoic The thine shrkon-eidad faults mentioned were the only 
once that lodkl as if recent movement had occunod The rocks in the tunnel look like 
nnri«t/wii» and jaspers of Frenasesn sgs Aeamdmg to the mndenes, so far as it went, the 
whole of tho top ai tho mountain is flreuiod tinuout m such u way that a lugs movement 
could he distiimitad among several fissures and thus socaunt for a relatively Sight motion 
along any ana fissure The measuring of any minor movements in the tumid would he 
difficult Manias of the aaving m of the reeks at suoh points It would seem, too, that such 
movement oould oosur without materially altonng the line of tho tunnel at that point, so 
fu as the timhming is oaneareed. 

As for as learned no reoogmsed flasuras or faults have been erart h) the workmen thus 
fer, except the one 400 feet from the northeast portal Nothing corresponding to tbs flreure 
f"""g Morrell’s house has yet been found m the tumid. 
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Engines? maummmh qf diiplaasment —Tlic lccoiibliuclion ot the tunnel at Wiight 
Station noeosbilaled an inaliiuncuLol sui vcy of Lho displacement in so fai aa it immediately 
alloc tad the ebuetuie The lcsults ol this aut \ cy liavc boon placod at the disposal of 
the Commission by Mr J D Matthews, assistant icsulunl cngineci in chaigo ol the woik 
Tho plot of ihubuivcy ib gi\en in fig 42 Tho ]ilol shows UuL, while the Lunncl n Uav¬ 
al Bed by only one fault liacluie, al a disLonco ol abouL 400 Uk.t bom the noilhoasl poiLol 
Lho dcfoiinalion lias boon dblubulod o\ci a dblanco of ncaily a mdo Tine dofbiinuliou 
of the luiuirl, ci its depuhne bom a etiaigiiL hue, is iiioasuiod fiom a hnc diawn fioui the 
noillioasL portal to a point on llie samo snip ul tlio tunnel 075 leal in horn lira southwest 
poiLol U indicates a bonding ol the giouud to tlic noithwaaL in the dneclion of the 
iclativc difcplau'inonl on tlio souLhwisi siilc or tlio laull That is to ay, tlic bonding 
m in the opposilo duoclion to Uuil which would lx. Lhaiactoiislic of lho dieg of a fault 
A parable evplanabon ol tins plicnomenon b that Uio giound picicod by the tunnel was 
in a stole ol oxccssivo oloalic slioss, own at Uio liuio Uio Lunnol was constiuolod, and 
Llint lho loliol otloctod by Uio lupLuiu muloiod luhdunico opoiativo and so onubed Uio 
giound lo bo flo\ud in tlic sente oppusilu lo that ol a ding Tho naluie ol the doloimalion 
of Uio giound on Lho noilhoMl sido ol Llio faull n ncL yol known IL may be lioio inoii- 
Lionud, in ipgoid Lo the ollccL of tlui faull upon Uio steal lnulgo at Chiltendon, that, in 
niUhluin lo tho marking ami displncomoiil of lho mippuilmg picia, as noted by Mi 
Waiing, the dislanoc lmlwriMi Uio almlinonls woe lengthened about 85 lout, aocoidmg 
lo ineasuiomriita supplied lo tho ConiuusBion bv Mi J II WalLior, Assistant Clucl 
Enguioei, Houlhmn Faoilic Company and illubliated m the aoaompniiyiiig dugiani, 
fig J3 



UKUDETKI MEAMUREBEHTS OF EARTH MOVEMENTO.' 

Bi /on F HAtniD vmd A L Baldwin 
okncbUi niTuicNT 

Tho Coail and Geodotie Suivoy lias dona much tiiangulation in California to solve h 
b oontiol id tinmewoik foi its suiteys along the aoaat and other suivoys The results of 
all the tiiangulation, south ot the latitude of Monteiey Be}, logetlici with the piinuuy 
tiiangulation to the noithnaid, ha\s ahead} been published 1 In 1906 the imult* of 
the liiengulation in California, tiom the vicuuty of Uontae} Bey noithnaid, were being 
picpared far pubhcation Tho reporta tiom vauoui souices in legnid to the eliacts 
of the earthquake of ApnL 16,1906, indicated that theic had been idative displacements 
of the eaith's surface of tiom 2 maters (7 feet) to 6 meteis (20 feet) at vaiious points noai 
tho great fault accompanying the earthquake These wue relative displacements of 
points on opposite sides ot the tault and hod been loported along all ports of the fault foi 
186 miles, tiom the vicinity of Punt Aiona, in Mendocino County, to the v icmity of San 
Juan, m San Benito County 1 The average lelativn displacement was said to be about 3 
meteib (10 feet) Displacements of that sue would no change the relalivo positions of 
pouts winch had been detamined by tiiangulation and so change the lengthb and duee- 
tione of the lince joining them that tho tiiangulation would no longer be of value os a 
means of control fm nceuate suiteye The value of the tiiangulation could be reetoiorl 
oidy by repeatmg a sufficient amount of it to determine definitely the extent and character 
of the absolute dbplacementc It was, therefore, decided to rspeu tho bid tiiangulation, 
damaged by the earthquake, by doing new tiiangulation 

If the displacements of a pamanent ehareotei hail oeouiied in a neriow bolt only, close 
to the fault, but a few triangulatum points would have been uflcatcd The available 
evidence, however, indicated that the movements piobably extended back from the fault 
fm many miles on each side, and that the new triangulatum necessary fm lepau purposes 
must, therefore, oarer a wide belt 

Tho new tiiangulation to lepair the damagB was completed m July, 1907 In addition 
to solving this piaotioal puipose, it has shown tho diameter ot the earth movements ol 
1906, which were found to extend beck many miles on each side of the tault These ere 
vciy interesting leaults fiom a purely scientific point of view Muieovoi, there mim to 
light, during the study of the movements of 1906, cntualy unexpected evidence of eailioi 
earth movements, piobably m 1868, which also effected a largo area 

The puipose ot tins papa is to set foith fully the amount and natuie of these two 
gioat duplaocmentc of largo pm turns (at bust 4,000 aquoic imlec) of the earth's must and 
to indicate the degree of ooitainty m rapid to these displacements won anted by the 
evidenee 

0 IXTFNT OF NOW TBIXNQULATION 

The new tiiangulation done during the interval July 12,1906, to July 3,1907, extends 
continuously run thwestwai d fiom Mount Taro, in Monteiey County, and Santa Ana Moun¬ 
tain, in Son Benito County, to Ross Mountain, and the vicinity of Fm t Rom, m Snnnmn 
County This new continuous tuoagulation, is indicated on map No 24, extends over an 
area 270 kilometers (170 miles) long and 80 kilometen (60 miles) wide, at its widest pert 
It includes the station known as Mooho, about 11} milos naitheast from Mount Hamdton 

1 Published b> pmniaaoB of tbs Bnpamtandmtof tbs Gout and Samy 

'boa Appendix 0 of the Heport of tin Out end Oeodetu Bum for IBM, Triangulatum in Cali¬ 
fornia, Part I, by A L Baldwin, Computer 

1 Prnfunmnry Beport, State Earthquake lanatiptm Commiaaion, BaiUey, Hay 81, IBM 
114 



THE EARTH MOVEMENT ON TUB FAULT OF APBIL 18, 1408 115 

and a station on Mount Diablo, both on the eastern side of the Fault and 53 kilomctoix 
(38 milo&) fiom il It also includes tho Faiallon Light-house on the west aide of the fault 
aiul 3(1 lulomotna (22 milea) fiom it Time wcic, in all, 51 old tuangulation 
which ueio lotovoied and their now positions accuiatol) determined by tho now tiiangu- 
lalion Tho stations had boon maiked upon tlio giounrt by atone monumenla, by bolls 
m took, etc, oi bj r pamanent stiuc Ultra auoh ns the Faiallon Light-houaB, Point Reyn 
Light-house, and Hie small domo of Lusk Obsmvaloiy, or wcic themselves permanent 
maiko, os, foi example, Montaia Mountain peak (a bhaip peak) 

This continuous scheme consists of a chain of piimaiy tuangulation compiumg tho 
clevpn occupied alalions, Mount Torn, Oavilau, Santa Giui Aumuth Station, Loma Pu- 
eta, Sunia Morona, Mooho, MountTamalpau, Point lloyca Hill, Tomaloa Ray, Sonoma 
Mountain, and Rose Mountain, tuangulation ot tho socondaiy giado of aocuiacy oxtond- 
ing fiom Llio stationa, Mount TOmalpaia, Mount Diablo, Rocky Mound, and Rod Hill, to 
tlio Pulgaa Rase ncai the aoullimn end of San Fiancisoo 'Bay, and tuangulation of a tm- 
tiaiy giado of aocuiacy m thioo difloicnt loealiLioa, namoly, in the vicinity of Colma,woat 
of San Fianoisoo Hay, along Tomaloa Ray, and m the vicinity of Fmt Rosa, Sonoma 
County 

Tlio piminiy and aooondaiy tnangulallon aie shown on map No 24, and the tcibiaiy 
liuuigulatum on map No 25 On thou two maps the straight blue lines indicate Imea 
ovci winch obscivalions woic taken m llie now tuangulation The small led onolca mdi- 
cato stations maiked upon tlio (pound, oT whidi the ldotive positions woic fix! liy Lhc 
luangulation ObscivalionB were taken m both dncctions ovci oach blue lino which 
ib unbiokon, thiuoul its lengtli Obscivalions wcic taken in one duoction, only, bom 
the solid eihl towaid the Inoken end, over each blue line which u tnolcon at one end 
A alalion bom which no blue lino u drawn imbiokon was not occupied The poan 
lum of Blush a Hlalum was detcimined by uteiaeoLioiiis fiom the occupied stations 

In addition to this continuous tuangulation, a detached piece of new tuangulation of 
tho aooondaiy giado of acouiocy, eounoolmg old tiiangulaLion stationa, was (tone in tho 
vicinity of Poml Aiona. (bee map No 25 ) Una makna the total uinnbn of old tn- 
angulalion stations wliioh wmo lecosmcd and ledolarmnied 01. 

In connection willi tho now tuangulation, aationonuo doUn mi nations of aaimulh m 
true diraeliou woic niado by observations on Pdam at tho stations Mount Tamal- 
pau, Moolio, and Mount Thro 

Foui did oi uni olBcivm, oach with his own complcto outfit and parly, woie engaged 
in tlio new wuk foi an aggiogato ponod of 85 montha The obrorvm wmo all field 
ofiuns of tho Coast and Ocodotie Suivoy, witli prevtoua mcpoiionoo m tnangulatum 

Mr J F Piatt, Aaaistant, waa in the hold bom August 4,1006, to July 2, 1007, and 
niado tho obscivationa at the five primary stationa, Rose Mountain, Sonoma Mountain, 
Tamales Bay, Point Reyes Hill, and Mount Tamaipola 

Mr W B Fauhold, Assistant, waa m the Reid from August 11,1006, to May 20,1007 
Ho did nearly all of the Tomaloa Bay tnangulatum, made the obaervatuma at tho primary 
stations, Mooho and Sierra Morona, and did a port of the tnangulatum in the 

vicinity of Pulgai Bow 

Mr C H Sinclair, Assistant, waa in the (told bom July 14,1006, to April 10,1007 
Hie made the observations at the primary stations, Santa (hui Aximuth Station, Loma 
Prieto, Oavilan, and Mount Toro, and also did a part of the aeoondiiy tnangulataon in 
the vicinity of Pulgaa Base 

Mr Edwin South, Assistant, waa in the field bom July 12 to July 24,1006, engaged in 
making the reoonnauaanee and other preparations far tnangulatum along Tom ales Bay. 
Ho was then called away on other duty and Amiatant Fairfield comptotod the Tomalee 
Bey tnangulatton Between September 28,1006, and February 28,1007, Mr Smith did 
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the becondoiy ti uuigulation in the nciuit> of Point Aicua and the teiluuy tnangulation 
in the \icimt} of Foil Ro*> and in the ucimty ot Colma 
These o ban van. lumamed at then woik continuous in Bpite of many dolays and dn- 
comfoits due to tog, lout, snow, gain, and loads which weie at tunes neatly or quite 
unpm*ahlp To them niu*>t be giA en the uedit foi welcoming the diffieidties and seem¬ 
ing the obiavationta of the neceeuuv high giade ot aceuiaey 

IKE OLD MIYNUULATIOH 

The old tnangulation fixing the positions ot the points befoie the etuLhquokeof Apiil 
18,1000, was done ui many yens, extending ham 1S61 to 1*09, as a pul of the rqgulsi 
woi k ot the Coast and Geodetic Buivcy and without icfeience to the possible futuic uso ot 
Hub tiiangnlntion as a means of dcteimming the mn cments of peimnnent ehsnetei due 
to waHhqiwlww Duiing the eailici jesiB catsin puts or this old tnangulation had 
exibtecl as detached UiangulnUon not connected with othei pails BeCme 1900, howavei, 
all puts of the old ti uuigulation had been connected with each other by tnangulation to 
foim one continuous scheme It was aim connected with othei tnangulation extending 
to many puts of the United States, including many ot the inteuoi states, as well as the 
Atlantic and Gulf Coasts 

In connection with studies or tho evidence as to the cailh movements sot faith in this 
papa, it is impellent to note faniefly the dates of the chi tnangulation which saves, 
in connection with the new tnangulation ot 1000-1007, to deleimine changes in positions 
of inuked points on the enith's suit ace 

Duiing the ycaie 1S54-1S60 jnimaiy tnongulstum was coined from the stations, Rocky 
Mound, Red Hill, end Mount TamalpniB, noithwud tc Boss Mounlam, thru a pnmuy 
scheme piectieslly identical with that shown on map Ho 24, except that the station 
Bodega was occupied in this euliei tnangulation, tho nol m 1006-1907 
Teihoiy tnangulation, following substantiallv Ibo scheme shown on map No 25, was 
also done in 185b to I860, along Tamales Bey, stai ting with the line Tomake Bey-Bodega, 
of the pnmuy tnangulation retailed to in the piccedmg paiaginph In connection with 
tins walk, the station Ghapanul ot the Fait Bess tnangulation, thown on map No 25, 
was also dctei mined 

Pnmuy tnangulation was done duiing the yeus 1851 to 1854, wunnwiting the group of 
stations, Mount Diablo, Rocky Mound, Rod Rill, with the Pulgss Beso, the scheme bung 
somewhat ditleient tram that shown on insp No 24, but equally dueot and stiong 
During the yeais 1854-1855,1804,1885, piimaiy tnangulation was done connecting tho 
stations ui the \ minify of Rooky Mound, lefuied to m the piecedug pangraph, with 
stations Gasilan, Santa Cius, and Punt Pinos Light-house around Mantel ey Boy 
This tnangulation, fm the gieatoi put of its length, consists of a single ohern of tri¬ 
angles, attending, theiefoie, oompoiativel} few cheokB upon the lewdts 
Thu piactically completes the statement of tnongulstum done befoie 1808 which ib 
concerned in the piesent mvestigation The extent of the tnangulation done betwoen 
1868 end 1006 u stated eppualcly m the following puegiophe 
Noithwaid of the line Mount Diablo-Mount Tomolpais, but one station of thepnmaiy 
Bcheme, shown on map No 24, was deteimined by prunuv tnongnlatum in the mtei- 
val 1868-1006, namely, Rose Mountain It was detei mined dneotly bom the stations 
Mount Thmslpou, Mount Diablo, and Mount Helena of the tiafiMwntm«ntait.i mn gnlnfmn 1 
During the yeeis 1876-1887, pi unarytiuuigulation wss extended southward (by sub¬ 
stantially the eime scheme as that shown on map No 24, except that station Gavdan 
was omitted) bam the line Mount Diablo-Mount Tsmalpsie to the line Mount Taro- 

1 Bee The Tronic on tineat«l Tnangultbon, Special FublicalMD No 4, pp M7-008 
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Santa Ana Soma point mgs wcic also lakouon Ga\ ilan, Point Pino* Light-house, ami 
olhoi stations in this vicinity, but not liom a sufficient numbm ot station to furnish 
chocked dclcinunations independent of cailin doLemun'itions inorip bcfoio 1808 

Socomliuv liiangulalum ncai Point Air nn, fanning the western cxlicmiLy or Uio tians- 
ooutincntnl Inangulilion, was dono m the intoival 1870-1802, tlic schema being cub- 
Btnnlinllj Uio same as Hint shown un map No 25, except llial all stations wuc occupied 
The ti languid ion fixing the iiulul stations, Iftslioi and Cold Spinig, has been published 1 

Toiluut liuuigulalion in Lira vicinity ol Poll Ross was dono in 1875-1S70, following a 
scheme smuLu to llial diawu on map No 25, ami stalling liom the hoc Bodaga IIliuI- 
ltoss Mountain, as dclci mined bcfoio 1808 

Tuiliaiy tiuuigulalion w.is done duiing vniioub ycais fiom 1851-1800, extending liom 
tlio vioinity or Llio Pulgas Bnso nnilhwnul, spanning ban Fiancisoo Bay, to Llio GokLn 
(late, and thence southward to the vicinity or Cuhua, including stations shown on sketch 
No 4 on map No 25 Tlio gicalcr ixnliou of Uus ti inngulation was dono befoie 1808, 
but it is inipiaclicablo to sepaialo tlic coinpulaLioiis into Lwo pails dcihng witli liiangu- 
laUon bofoio and tnangulalion aftoi 1808, limpet Lively 

PlItklYNKNT DIsPIACt IIKN IS MinilUCl’D IIY TIIH naRTnQUAKM Ol' 1808 AND 1900 

Tlio following tallies, Nos 1, 2, anil 8, show the paimanenl ibspLunsnents or vaiioim 
points as causnl by Die onilliqiiakcs of lCKiB oiul 1000 Thoso pounoncnl displacements 
woio dolannnml by compnusoiu ol the positions of idonlionl points upon the earth's 
suifaoo as ik'lcinuuod by liiangulalum dono bcfoio and aflai Lho omlhquakes in quonLion 

While for the sake of lnavily m nUitcmeul llmsu movements aio lefcnad to the oaiLh- 
quakos of 18h8 and 1000, tlio ovulonco liniusliad by the Lnaogulalian aimply indicates 
Uio fool Llial the displacements in quantum took place somoluno duiiog lho two blank 
intaivals w’lUim winch Uicie wus no liuuigulalum dono fixing lho points in qucBluni, 
namely, llio interval 1800-1874, including Llio 1808 caillupiako, and lho mtcival 1802 to 
July, 1000, moluding the 1000 OBilliqunko Noilhar does lho LuangulaLion finiiiah an> 
evidence indioaluig wlicLhoi Uio displacement took place giadiudlv, extending ovei 
many months and possilily yeraa, or wlioLliui they took ploco suddenly The evidonco 
connooling Uio (lixplnflcinouls of 100G with the pnilicidai eailhquukc and ini healing tliat 
Uicy weio sudrlcn comes fiom olhoi sources and will In oammonlnd upon latci m (Jus 
repml 

Tlio poimaconl displacemouts uulicaled in lahlas 1, 2, and 8, must he cuefidlv dis¬ 
tinguished from Llio viluaLiniis of a nuuc or Icsh elaslio chaiaotci whu.li take piano during 
eniUiqiukcs These vibioLums dio down m a lew sooomls, minutes, ai hoiua While 
llioyaic m piogiess, n given point on the eorlh's Buiface is in onnliuuuus mo turn ulong a 
nioie oi Ipa (oiuplicalixl i»Ui which turns upon llacll oiul leaves the point, at tlic oml of 
tlio vilaabon, nuai Lbe uiiLinl position The (bsplacamcnts indicated in tolilos 1, 2, anil 
8, on Uio oUiei hand, remain loi voois, possibly lor acnluncs They ue of a paimanenl 
cliaiactor Tlio disiilaroil point loinauis in the new position until nnolhei dibplacemenl 
ooeins in some lata cailliqiioke, or possibly b) slow lidiot of btiam accompanied by a 
creeping molum which causes a new iieinianont displacement In tallies 1,2, and 8, Lho 
flint column gives the name ol lho station by which it may also ho ukmlifird on map 24 
oi on map 25, m both The ooeoiul column gives its latitude at lho lime uvlicatod m the 
heading Tho thud column gixos lho seconds, only, of the now latitude at lho laloi Limo 
mflion.ijyl m the hauling Tho fouith and filth columns have tho same significance with 
reference to the longitude that the beooncl and thud have with lcfacnoo to the latitude 
of paint The sixth column gives the noiLh and south component of tho displace- 

1 Boa The Trvimontinontal Tiiuigulitlon, bpoewl Publication No 4,pp BB7-810 
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TfHmt nlmrig a meiulian A plus sign in this column means that the point mm etl l o Wild 
the south The seventh column shows the cast and west component ot the motion 
A plus sign in this column means that tho point mused towaid the east The sixth and 
seventh columns sue computed by convening the in laUtudo and longitude, 

rapectis oly, into meteis 

By combining the values given in columns 0 and 7, the dneebion and amount of the 
displacement weie obtained as shown in columns 8,0, end 10 In column 8 tho dncc- 
tion of displacement is given, icchoned as geodetic azimuths arc usual!} lcckoned, clock¬ 
wise around the whole cncumfeienee fiom south as seio In thib leckoning, ucst is 00°, 
nmth, 180°, and east, 270° Column 0 gives the amount of displacement in meteis 
and column 10 gives it in feet Column 11 shows the appiosunate distance ol the point 
fiom tlie fault of 1900, measuied oppioximatcl} at light angles to the laull In this 
column E indicates that the point is to the cast of the fault and \Y that it m to the nest 
Fm wwmpla The fifth line of table 1 indicates that duimg the euthqunke ot 1000 tho 
Farallon Light-house moved 0 83 mstei nmth and 157 meteis nest, oi, in otliei woids, 
mo\ed 178 meteis (58 fbetj in azimuth 118°, oi b2° west of nmlh, and that it is 87 
kilnmeteis (28 miles) fiom the fault of 1000 and to the west ot it 
In the heading, the e\pienion "Before 1808" lefeis to yarns within the lnloival 
1861-18(10 The expression "After 1808" lefeis to ycaib within the mteiaal 1874-1801, 
and "1000-1007" lefen to dates within the mleival July, 1000-JuIy, 1007 
Tlie latitudes and longitudes given in tables bib all computed upon the TJ S Standard 
Datum and difter somewhat fiom those now in use cn the chaits and maps of this legion 
They oie, howovei, the latitudes and longitudes to which all charts and mopB should ulti¬ 
mately confoim 

Table 1 shows the displacements which ooouned on Apnl 18,1000, table 2 shows the 
displacements which ocouued in 1808, and table 3 shows the total, ar combined displace¬ 
ments in both 1808 and 1000 

For some esses, os, Cm example, Faint Bayes Hill, the scpaiats displacements wme not 
dueetly determined by the tiiangidation but only the combined daploeomonts In such 
eases, if probable values could be dmiTsd Em the separate displacements, indirectly, by 
intcience liom suirounding pomts, they wne so ileuved and placed in the table In cash 
ease, such inferred displacements me clearly distinguished m the table horn othcis which 
were deteimined duoctly by measurement, by leasing the thnd and fifth oolumns blank 
ami by having the values in the sixth to tenth columns enclosed m paicnthcscs 
All of the displacements given m tables 1-8 are computed upon the assumption that tho 
two stations, Mount Diablo and Mooho, remained unmoved during the earthquake of 
Apid 18,1000 'Hie reasons why this assumption is believed to be hue will be sot foith 
fully in a latei put of this icpait 

In the tables the points ore separated into seven groups for convenience of discussion 
Each group of pomts is fixt fay a portion of the tiiangidation which may eonvoniontly be 
oonsulsied as a unit in discussing the magnitude of the possible eiiois of the tnangulation 
The discussion of the obsei ved dispjaccments and the degree of cm tauity in regard to them 
is given aftei the tables and deals with eadh gioup m Hieewon 
The apparent displacements, a& shown m the share tabtes, are ef coum in port due to 
the unavoidable errors m the tnangulation anil in part are doubtless actual displacements 
of the pomts The tiiangidation furnishes within itself the means of estimating its 
accuracy If the observations were absolutely exact, the sum of the obsei ved angles of 
each triangle would be exactly 180° plus the spheuoal excess of that bungle, and maro- 
ovm the computation of the length of the triangle aides would show no discrepancies, 
starting from a given line end ending on a selected line, but proceeding thru the \aiious 
alternative sets of tnangjlei which it is possible to select nwnnantmg «uH bnce In any 
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actual ciibo, noithei of Ihmo ideal conditions 11 found Each ln&nglo hn* a «ln«ng eiim, 
aiul the length* computod along diflcicnt paths thiu llio tuangulalion show discicponoios 
These closing ciiina ami discicpancica aie a measuic of tlic aocuiacy of tlio tiungulalion 

The tiuuigulation, both okl and new, was od|uslcd by tho molhod ol least squaiis 
This method of computation, as applied to lnangulaluxn, talcs into account simul¬ 
taneously all tlic obsauod taels in connection with a gioup of tnnngulation ■tafannw an d 
also all the known llieoicltcal comhlions connecting llio olk«i veil facts, such, foi example, 
as tlioso inenticneil in the piece*ling paiagiaph, in legmdto closmvs of tiumglui and dis- 
oicpancieB m length It u, tlic miibl pciroet mcLliod of compulation known Theivullb 
of tlic computation aio a at t of lengtlia anil nnmutts (tiuo directions) of linos joining the 
tiuuigulation stations aiulof latidulcs and longitudes defining tlic idairve positionsot 
the stations which aic peifoctly consislonl, that is, contain no contiailicLiona ana with 
anothoi and nie tlie moat piolmlilo values which can bo donvod ham the obseivations 
In such a computation, the measures ot tlio ncouiaoy of the co mp uted insults appeal in 
the tuim of coiractioiib to oliservcd dnactions ham station to btation, which it a nooomsiy 
to apply in aulci to ohtam tho most pielialilo icsults given by the comp utation The 
gioatci tho aocuisey of tlio olhaivalums the smalloi aio the coirocLions to durations 

In llio pioblcm in liand, in winch, at least Em some points, tho obscu ed appaiant dis¬ 
placement ib of about tho samo mngnilude as tlic possible cnioi in the appsiont displaco- 
ment duo to accumulated ciiois ol clhcivalum, it ia neconaiy to moke a aaicful obtimalo 
of the oneis of obsoivation and of tlio u ncai lain tics of tlio computed displacoments 
Thu has boon done and the ealnnates are gi\on in general terms in tho laDawing text anil 
eie unhealed m tlic lasL column ol tlio tables Tlicsc ostuoalos will help the loodei to 
avoid diawing conolusiona m dutad not waiiauled by tho Lac Is 

Ountpl Nmthsmpaitqf pnmaiylnangvlatian —In this gioup, as shown by tables 1-3 
(boo also map 21), tliaie an 11 points oT whu h tlic positions woic lwleloi mined aftm the 
oaithquakc of Apiil 18,1000 Or Umbo, 0 had boon ilctci mined bofoio 1808 end 7 
bolwoen 1808 and 1000 

Thcic is about 1 chanao in 3 that each of tho two appaicul displacements of Hooky 
Mounil, 0 00 mein (10 loot), in 1808 (table 2),aiul0 31 motor (11 Teal), in 1000 (IaUo 1), 
is simply the icsull of ciran of oIims vnlion Similarly thmo ia about 1 clionoc in 8 that 
tlio appuent displacement or Hod llill in 1808, 0 06 motm (21 foot), ie tlio losult of 
eiima or obmrvatinn Tho eliannaa aie about oven for and against tho appmonL dis¬ 
placement of Rnl ILll m 1000,0 30 motm (10 Tool), being simply tlio icaull or onois of 
obamvolion Tho ollwt of onoii ol olisorvaLion uimn Llio apparent dlsplaoamonta me 
laigm at then two points thou they olhmwiso would bo on account ol the difficulty in 
this viouuty of sopaiating tho liiangulation into two complolo schamas, ono bcfme 1808 
and ono after that date, oaoh BLiong and oomploto 

Accmding to the ovulenoo furnibhod by the tiiangulatum, the appsiont displacement 
of Hosa Mountain in 1000,0 68 lnclrn (18 bet) m aumulh 808° (61° E of 8 ), is piob- 
ably theroaull of arms cf obsoivation Thu oppaient displacement os computed depends 
on tho accumulatod mimsof tho two tnangulaLions from Mount Diablo to Robb Mountain, 
a dislanoa of 130 kdametne nnlos). Tho apparent displacement of 0 68 melm almoet 
dbeetly toward Mount Diablo ooiioaponda to a shortening on the lino Hose Mountain- 
Mount Diablo by 1 port in 260,000, too small a change to be detected with cmlainty 

by the fainngnlAfann 

On the otter bond, thme u about 1 chenns in 16 that the oppaient displacement of 
Hobb Mountain m 1808, 170 meters (6 0 feat), u due to oirms of observation It u 
reasonably certain that this u a real duplaoemont 

The dhsaocs am about even Em and against the apparent displacement of Point Reyes 
Llght-houae m 1000,10B metan (8 6 foot), being due simply to arroiB of obsoivation 
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There is about 1 chance in 7 that the appoicnt displacement of Bodega, shown in table 
3, is due to emus of obbeivation It is icasonalily cattain that this u> a real displacement 

Foi the letnaimng bis. points in gioup 1, Dima Moiena, Mount Tamalpais, Faiallon 
Light-house, Fomt Reyen Hill, Tomales Bay, and Sonoma Mountain, each of the appai- 
ent displacements gisen in the tables se obwived is leal, being in each caso dearly 
beyond the maximum whioh could be accounted toi os euao ot oheei valion 

Pi of Gemge Davidson has beheved lor many yeais that Mount Tamalpais inovori dui- 
ing the earthquake ot 1608 and ttiat the tnaiigul&UotiB made betmo and altei that date 
showed suoh a displacement Accordingly in 1006, at his request, a icc\amination mss 
made at the Coast and Geoilelic Suivev office of the evidence furnished by tho tiiangiiln- 
tione, sod the conclusion was reached that a real displacement of MounL Tamalpois 
occmred in 1808 At that tune, howevu, convincing evidence was not discus mod that 
any othei tiumgulation station moved in 18li8 In the more CTtonsivo studios mails in 
eonnection with the piesent investigation, and with the additional skill aciiuucd in 
reeognismg the sheets of eaithquskes upon tnangulolion, it become evident, as shown 
in table 2, not only that Mount Tamalpais loosed m 1808, but also that the Faiallon 
Light-house and Ron Mountain moved at that time, the thiee appeient displacements 
being clearlv beyond the range of posable emus cf tnangulation The displacements 
for these three stations are aimdai The amount of the displacement is least at Foral- 
lon Lighthouse, 139 mstere (40 feet), and giesteut at Ross Mounlain, 170 melcis 
(6 0 fecti The osunuth of the displacement is least at the Farollon Light-house, 153° 
(27° W otN), and regieatcst at Roes Mountain, 182° (2° E ot N) (See map 21) Tho 
apparent diflerencsB in dueebon and amount of the three displacements may oi may 
not be leal It is oeitain thatefare that in 1808 the largo pait ot the earth's suiface 
included between them three stations, at least 700 square miles, moved about 1 5 mcleis 
(4 0 foot), m about anmuth 108° (12° W of N) 

Within the triangle defined by the thice fetation*, Mount Tamalpan, Faiallon Light-houso, 
and Roes Mountain, which emtamly wme displaced m 1808, are the throe Btaliona, Point 
Reyes Hill, Tomales Bay, and Bodega, ef group 1 It is theietore believed to be leasanablv 
ceitain that these stations wme displaced at that time The piobable displacements wme 
inteipointed fiom the thiee displacements observed at the fiibt thice stations, taking into 
account the relative positions ot the stations The mulling mteipointed displacements 
are shown m labile 2 Other evidence, tending to show that these intoi pointed values of 
the displacements ore real, will be bicnght forward latci 

Far the three stations, Point Beja IIill, Tomales Bay, and Bodega, the positions wme 
determined before 1808 and aflci the cailhquake ot 100b, but not duung tho intcivol 
1808-1900, henoe the computation of the positions determined by tnangulation loi ihcso 
stations furnishes Bimply the combined displacements ot 1808 and 1000 as shown in table 
3 As noted in the preceding peiagiaph, the displacement of 1868 has, foi thrse thiin 
stationa, been interpolated fiom suiiounding stations end entered in tnhln 2 The 
differences 1 between then mteiiod displacements in table 2 and the absolved combi net l 
displacements m table 3 were then taken and ere shown in table 1, as inreiioil displace¬ 
ments m 1900 As indicated in tho marked column of table 1, these intoned ilisplaco- 
manta are believed to be certain foi two ot then points and somewhat doubtful foi the 
thud, Bodega 

The doubtful apparent displacements at Rocky Mound and Red Hill in 1808 (see 
2) agree with other displacements which ore certain, in having a noitliwaid 

component 

In table 1, showing the displacements of 1900, there ore thiee stations, Siena Morena, 
Mount Ta m a lpa is, and Farallon Light-liouse, at which observed displacement is ceitain, 


1 The difference sm Ukn wparatclr fin the meridian component! and the puma sartuml com- 
p on c n f iM dm combined to wur the ducrtioiL ud of wiiten^ 
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and Iwc othma, Feint Reyes IIill and Tomsk s Bay, ingioup 1, ol whioli the dioplaoement 
inrenod lium inducot o\ ulcncu ib lonsuluiod Lcilani Of those five the foui 

whirli oie to the wcaLwnid of the fault at 1000 mo\od liuillmcstwnicl aiul tlio one which 
is to llie oaslwaid af the fault, Mount Touialjiais, mo\od bcullicustwaid (ace map 24) 
Tlui displacements ef tout ol llic five pouiLss wcie ncaily poiollol, llicn oiunulhs being 
lui Hiuua Moicnn, Fouit Keyes Hill, aiul Tomsk* Jiuy, 13b°, 143°, and 112° lcspoclivcly, 
witlianioanof 14U a (40 a W ol N), while that of Mount Ttunalpaisiia& 321° (36° E of S) 
The anmuth of tlic ilibjiLiirmciil at tlic fifth, Euiullon Light-liuubc, is 118° (02° W of N ) 
at an angle of about 22° with Hie etlun lorn Tho paiLion of tlio lault near Uiqbc points 
lias an aiimulli ef about 14*5° (35° W of N), lumoo the displacement ot four of the hvo 
poml* woe pioclically jwialli'l to Dm fault, tlic dopaiLuic being in each ease within tho 
lango cf possible ciioi or tlic iletciniinalum ot Uui displacement Foi the fuui points 
le tlio ncslwaul ol tlic hulL, tlic aniuunls ol tlio displacement, aic u the inveiso oidai ot 
tlicn dntancab horn tlic lault, with Uic exception ot Sunia Murcna Em Tomsles Bay, 
wlnth is only 21 kilonietcib (1 d imlcb) Iruin tlic lault, Uic displacement is grealcsL, 3 BO 
motois (128 feel), and tin tlio Fainllou Lighthouse, wlnoli is 37 kilouidois (23 miles) 
fioni tlio fault, tlio displacement a much Iiim, 178 inelcib (6 8 loot) 

Fiom tlioso hYe 6 La lions, one mny doduoo fuui laws goicinmg tho dhtiibution ol tlic 
cailh movement wluuli nccuucd on Apnl 18,1000 Fiibl, points on oppasitesidos ot tho 
fault movod in opposite ilucolmiib, LIum) to the cabin aid of the fault m a southcily duoe* 
lion and thoso to tlic wcslwuid in a noi Uunlv duoe Lion Second, the displacements ot all 
jaunts wmc appiouiuatcly jauallul to tlic fault Thud, Uio dibplacomcnts on each biilc 
of tlic fault worn lesb, Uio giculci tlio disLanco of tho displaced points fiom the lault 
EouiUi, fm poiuLa on opposite bides uf tlic lault and tho Borne distance ham it, thouo 
on tlie wostoin side wus disjiLicud an an a\ oarage about twice as much as thorn an tlic 
easLeui sulo 

II the pi oof of llicso four ilulucod laws icsLwl upou tlic syuIouco of tlioso flvo stations 
only, it would be liwulliuiunl to oouvuieo ono Much ollioi cvidonco in proof of thoso foui 
dodueod laws will lie shown m tins iojkjiL The laws mo haic atatoil in ardor that Lhcy 
may bo leapt ui nuiul aiul l^Lcd liy Uio cvidanco as piosoulod 

Tho appanmt dwplaocincnls ol Uui lomaining frvo points of giaup 1 mny now bo com- 
paiud with tlio Blalcd laws 

Tho displucomout of Pouil Reyes Liglit-lmusi 1 , beliovod to bo doLcinunod n ith icnsonablo 
cmtainty, a appmenlly about L 0 melois (5 foot) gicaUn Uuin and dinen about 82° u 
dirooLiun fiom tho diaploranunil wlncli nugliL bo infanod fiom Uio above laws and com- 
ponson Willi tlio sunouiuluig stations 

Tlic displacamanl of Bodega, of which tho dotcimmation is snmowhat doubtful, is just 
wliat would be infanod bom Uio dodueod laws, as its amount is gieator than fai Mount 
Tainaljiaib, concspanding to Uio foot UiaL it is doam to Uio hull, and ils aiimuLh agiacs 
withui 2° with Uiat ol tho fault 

Tho disjdacamonl ol Ross Mountain, of which Uio ila tm mi nation n doublful, sgiees 
voiy dosoly in amount with Hint at Mount Tamalpaia anil difToisonly 15° in iluoclion 
Boh Mountain ib on Uio sonic bulo of Uui fault as Miount Tamalpais and at pioolioally 
tho saino diblanco bom it 

The appaiont displacements or Rocky Mound and Bod IIill, 32 and 10 kilomctoia 
(20 and 12 mdab) fiom tho laidL and to the casLwaid of it, of which the do tci mi nations are 
doubttul, sgioe with the laws ui being small but are aontiodictaiy os to duaction 

Ear Sonoma Mountain the tnangidationBoivatodsteimino the eambmod displacements 
of 1808 and 1006 os shown m table 3, but not tho sepal ale displacements, os this station 
was not imalved m tiiangulobon done between I860 and 1006 The combined disploce- 
mants at Sonoma Mountain are ef about the same and are in appioximately the 

same aiimuth os displacements of 1808 at Mount Tamalpaia, Point Rejce Hill, Tomales 
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Bay, Bodega, and Boas Mountain (see tabk 2) Some ol the internal e\ idence or com¬ 
putations of tiiangulation indicate that Sonoma Mountain nioted in 1668 Accoidiiig 
to the geneial lain, uf distribution ot the caith movement ot 1006 as demrri from olhci 
stations Uunoma Mountain did not mo\e much, it any, being Toi to the easLwaid ot 
the fault, 34 kdomeUn* (.21 miLce) Foi these thee icosons it i* belieicd to be piob- 
able that the whole displacement of Sonoma Mountain, 1 24 motes (4 0 feet), in anmulh 
163° (3° £ ot N), which ceitainly took piano sometime between I860 and July, 1005, 
all cocuiiod m 1808 

Group 2 Southern end q/ San Fiancuco Bay —In this gioup Iheie aie tluoe new 
points not yet eonuideied and Red Hill which has alieady been consulonxl in gioup 1 
The tluec new stations, Guano Inland, Pulgas East Base, and Pulgas West Base fsee 
map 24), wme determined in 1B51-1854 anil again aftei the eailliquakc or 1000 No 
dctciminabion was made between 18b8 and 1000, hence thc^e points aie enteied in tahlo 8, 
the combined displacements of 1808 and 1000 being deteimined, but not the separate 
displacements 

A study ot the eiioie of the tiiangulation shorn that the appoienl displacement oT 
Guano Island, 0 21 meter (0 7 foot), a piofaahly due to errors ot obseivnlinn, and that 
thaie is one chance in three that the apparent displacement ot Pulgas East Base, 0 41 
metei fl 3 teet), is also due to enoib ot obseixatron 

The deteimmation ot tlie displacement of Pulgas West Base, 0 74 metei (24 foet), is 
leasonably ocitain, theie being about one chance in twelve that it is due to dims of 
obeeivabon 

Tho the detei mmations of the aepaiate appeient displacements of Red Hill m 1B0B, 
0 06 motet (21 foot), end in 1000,0 80 meter fl 0 foot), eio each doubtlul, tho w^nhinnH 
displacement as obsaived, shown in table 8,0 94 meter fS 1 feet), a cm tern 

It is theietoie leasonably ceitain that theie wse a islattve displacement of Pulgas West 
Bom and Bed Hill as indicated in table 3, Red Hill moving 0 04 metei f3 1 feat), m asi- 
muLh 227° (47° E of N), and Pulgas West Base 0 74 metei (2 4 feet), m aumuth 844° 
110 ° E of 81 Thu lengthened the line Pulps Wmt Base to Red Hill, 10 kdomeleis 
1 10 miles) long, 0 60 metei fl 6 feet), or one peit in 32,000 It elbo changed the esunuth 
ot thie line by 11', liom 240° 44' 35* tc 240° 44' 24*, totaling it in a counteidockwiM 
direction 

The led ariows on map 24, bhowing eppaient displacement*, (hat the appeient 

displacements of Guano Island and Pulgas East Base, which are considered doubtful, 
aie not inconsistent with the displacements of Red Hill and Pulgas West Base Appai- 
cntly the area included between these tom stations was distoited by stietching and 
lotated m a oounteidlookwise duection 

Theie is no evident method of ascertaining wfaethei the drsplaoement of Pulgas West 
Baae took plaoe in 1868 or 1000 or in put at each tune The displacement is nearly m 
the dn cation can spending to the lawn governing the displacements of 1000, as already 
btated m connection with gioup 1 Pulgas West Base a to the eestwud of the fault of 
1000 end slightly neater to it than Mount Tamalpeis end Rosb Mmmtm and franna , 
accoiding to the laws lerenod to, should be displaced m the same direotion as then two 
points (*e table 1), and by a Bimilar amount This n the fact 

Group 8 Viemi/y of Cohm —Iheio am nine pomts m group 3 oil detei mined by 
triangulation m 1800 m eailicr, and ledetei mined otter the earthquake of 1000 (nee table 
1) The euliei deteiminataon was made by secondaiy and tertiary biangulatum, ex¬ 
tending horn the vicinity of Pulgas Ban northwest, spanning San FkaneiacoBay to the 
Golden Gate, and thence southward to Colma The aailim positions of thae nine points 
ue subject to the efteet of accumulated eiron m this ohain of tnangulataon about 00 
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kjlumoloitit40 miles)long Thuyoic miIijci ^thcicloic, tonncuoi ot pabition common to 
thorn oil, which may be a* jpcal as 7 malcis (29 leel) With tho exception ol Montaia 
Mountain Peak and Bcmila Point Light-lions) Lluac fxunlb aio all within 13 kilumotna 
(8 nnlos) of Sail Biuno Mountain and thoictoic tluai lolnlivc positions woio doloimined 
with consults able acouiacy 

In Lius liiangulalion ol l'XMi-1007, tin* posiliuu ot Mon Biuno Mountain, which is in the 
uudbl or tlik gioup, was dcLciinuicd by secnndaiy Liiangulalion in oonnpclian with gioup 
2 lb indicated on maps 21 and 25, a duerL and strong dotoimuialion Tlic now oaimuth 
was also canted into tin* lnungulaliou oT gioup 8 with a high dcgice or aocuiacy in this 
same iwuinci No new deU'i mutation waa inado of tho Bloiting length m gioup 3 It 
wo& BhsuiiuHl that tin* length Hnn Biuno Mountain to Blnak Ridgo 3 hail lcinoinod un¬ 
changed duiing ilia cailluiimka ol 1U0U and the old value of tliol length was used in tlio 
computation or the tiiniiguhition ot 1000-1007 As a check, upon the assumption that 
Uus length lcmaiued unchanged, it is to bo noted lliat tho nuniulhs of this lino liofoie 
and ofloi tins cnilluiuakc of 1000 woic luund to ddlei only by 0 8*, which is within tho 
possible iangu ol onois of ohaeimtion in the cailun liiangulalion 

For tho luiibOiH staled above, the appaiLnl absolute displacements shown in table l 
for gioup 8, us lclciicd to Mooho aiul Mount Diablo as fill pouils, aie piolmbly duo 
to ciioia of cbsoivalion 

On account, howevoi, ot llio foci tliol seven of the nine points in this gioup aie wiLlun 
a laLhci amoll nico, then inlotivc dia|daacnionts aie detcimined with oonauloiable bc- 
cuiaqy,tho ciioia of longLli and azimuth luiviug lo* ctroot in pioducmg eiioia in idotivo 
liusilioiiB, tlic ■inallm the area coscicd Iqr a liiBngulotion Montaia Mou n tain Peak and 
Bonita Runt Isght-hausa aie each delcnuuicd with a low giadc of aocuiacy They aie 
each tai liom the stations occupiedin tlic Liiangulalion and Lhc linos which dottnmine 
tlicm mlcihcot at a hmall onglo, hence even thou idotivo displnonmnnta aio unoci Lain. 
Tlic relative dlsplnconuints obsmvod Toi the leuiainuig seven points oltci omiLtlng theae 
two aie cor Lain, I icing beyond tho possible range of orrois of ob 60 ivalian 

Tho apparent alrnlulo diaplaocmonts Toi that gioup of points (ace table l and mop 35) 
uulioalo that all pouita on lira oastcin side ol the fault moved in a southerly demotion, 
aiul those on Lira weslom aulo m a noitlieily duration, tliol the dlsplaoomenLB Land to be 
parallel to the fault, tho moio daubU ul displacements sliowing tho gicolei angles with tho 
fault, amt Hint the unounta of Lira displacement aie in tlic invoiac oidoi of tho diataneea 
of the stations fiam the faulL, wiLh two exceptions These cxeopllana aio Ban Pedio 
Bock, of winch the iclalive displacement is dotciminod withsufficient ooomaoy to establish 
this aa a iaat exception, and Bonita Point Light-houso, loz which tho appoianl displaco- 
mnni as obocivod u oo uneaitain thol this apparent exception has buL little signifioanco 
Of the foui points, alt on tho western aide of the hull, of which tho i dative displacements 
are behoved to be coilain, aa indicated in table 1, the aumuths of lira displacements vaiy 
fiom 151° to 160°, with a moan of 157° (23° W of N). Tho ashnuth of the faull m this 
vioimly is 144° (80° W of N) 

Hie lelative displaeaments on opposite Bides of tho faull and neoi to it an leas m this 
gioup (2 to 3 motets) ^ foi at a sunder distance horn tho faull m group 1, 
namely, Point Rqyae Hill, Tamales Bay, and Bodega (5 to 8 meters) 

Group 4 Tomato Bay —Theie aio seven points m this group (ace tables 1 to 3 and 
maps 24 and 25) These weic fixt in 1850-1860 by tertiary tiiangnlation extending 
southaastward along Tomales Bay from stations Tomalea Bey and Bodega of group 1 
They wan fixt again In practically the some manner m 1000 of Lor the earthquake 

With th— seven points may advantageously bo oonaidcred the thiee points, Point 
Reyes Will, Tomalea Bay, and Bodega, whioh warn fixt in gioup 1 
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No one of these ton points wee deteimined between 1888 end 1006, hence the okamar 
turns eerved to iletei mine the oombinad displacements ot 1888 and 100b, as shown in 
table 3, but not the npaiate displacements The separate displacements ha\ e been do- 
Lermmsd by inteipointxin tiom ’suiiounding stations lot the thiee punts, Pout Reyes 
Wil l, Tomoloa Bay, and Bodega, as indicated in the dhUMian of gioup 1 The same 
proce* has also been applied to the seven points of gioup 4 

Storting with the interpolated displacements of 1888 fu the thiee points. Punt Bejcs 
Will, Tomales Bay, and Bodega, as shown in table 2, and with map 25 befoie one, it was a 
simple mattu to inteipolate separately the meridian components and the piune vcilicol 
components ot the displacements of 1888 la the seven stations ot gioup 4 This amounts 
practically to mtaipolating the displacements fu (hue punts liom the thiee obseived 
displacements ot 1888 at Uonnt Ikmalpan, Euallon Light-house, and Boss Mountain 
The lesultmg intei pointed d«pliu«winiiw of 18b8 aie shown in table 2 Each of then 
hung subtiaoted, component by component, horn the cuie>pondmg oombuied displace¬ 
ment of 1868 and 1008, os shown m table 8, leaves the displacement of 1006 aa shown 
in table 1 

A. study of the puuble accumulated aim* in the tiiangulations shows that all of the 
seven d« piMAmpnm ot 1008 in gioup 2 aru ceitain except lu Hons and Hammond 
Them is about ono m fi\e that tho appuent displacements ul 100b fu these two 

paints are amply due to euois ot obeenation 

The tan drqjlacg mmtn of 1000 m this gioup show oleaily the fun laws aheady aug- 
gcated in lcgaiil to suoh displacements All points to the eastward ot the fault moved 
loutheily and than of the wcstoin side, nutheily Four of the five pomte to the west¬ 
ward of the fault moved in —mnHis between 141° and 148° with a mean of 142° (88° W. 
of N ) The anmuth of this part of the fault is about 145° (85° W of N ) The aii- 
muth of the fifth displacement on the west ude, at Bodcgs Head, is 172° (8° W of N ) 
The BsnnuthB of the thiee loeaonably ceitam displacamenta of punts to tho easlwaid of 
the toult \aiy fiom 323° to 348° with a mcanot 884° (28° E ot 9), which is within 0° of 
being parallel to the fault Of the five points to the westward el the fault, the ono nearest 
to the fault, Foster, has the gisafest displacement The other toui, all betweon 20 
and 2 7 kilometers fiom the fault, have nearly equal displacements The five displace¬ 
ments for points to the eastward of the fault show a-ahghf tendency to stand m nxvuse 
oidcr from the distanoes from the fault But one only of then displacements differs by 
moie than 0 43 meter (14 feet) fiom the mean of the five, and the estimated distanoes 
fiom the fault v&iy only fiam 0 5 to 2 8 kilometeis When the uncei tainty of the posi¬ 
tion of the fault beneath Tomolea Bay is omuidued, aa well as the email venation 
m distance of then ten points ham the fault, difficulties are to be orpectod in 
detcotuig the relation between displacement and distance fiom the fault m this group 
The mean displacement ot the punts to the eastward of the fault is 186 meleis 
(8 1 feet) and of the five punts to the wrstwaid 21 times u much, namely, 3 88 meteia 
(12 7 feet) 

Group 5 Funnily of Foil Haas —Them am twelve points in this gioup, ell de¬ 
tei mined by seoondoiy tiiongulatinn m 1875-1878 and again in 1008, the scheme of 
tnangulation being in each can substantially the name n that shown on map 25 The 
ban fiom which then positions are detei mined is not independent ot observations made 
befoie 1868, but is gotten by making the ubnivatiom preceding that date confum to 
than made between 1888 and 1008 Fiom the small sin of the neeessaiy coneotiona to 
the obauved angles, end from tho feet that the position of Rosa Mountain, which pie 
dominates the gioup, is detei mined by obauvationa made entudy after 1888, die on or of 
assuming that then twelve points belong to the penod between 1888 and 1008 is deemed 
negligible 
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Foi odd point, Cliapaii.il, ubtcnulioiib imulo in 18bU fin null a dclcuaination of the 
(xinLion bclore 1808, anil lienee the diiplacuiiu.nl of thu point in 1808 (noe table 2) u 
delci mined ai well oa lie displacement in 190b The displacement ot 18bS ogiccB closely, 
within lad than 0 U mcloi ID 4 IulLJ in aniounl and 0 a in dueilion, with the displace¬ 
ment at llial lime at Rim Mountain, 5 7 kilmm-lris i3 0 miles) to Hit cmlwaid 
A aluily of tliu possible accumulated turns in Lhc tiiuiguUtion allows that five or the 
olMivud displaionionLs in thu gnrap, ne lcloned to Maclm and Mount Diablo, aic dcnily 
beyond tlie iange of payable cnoib of obseivalinu, namely, LluibC at Foil Rons, Funcke, 
Trniboi Covo, Slocklioir, and Pinnacle Ruck Foi the lemaining seven displacements 
thuio aie fiom one to two dunces out or ten that they aie due tuliiuly to uioib ot obsaviir 
tion,and Llicaa displacements aic thoiufoic luisonnbly cciloin Tlio lclaln c displaconionlb 
ol pans of points on oppobilo Bides ol the lault and neat lo each othci in thu gioup aie 
tPilain, being in cvmj case tloaily boyotul the tango of pouaiblo cnois of obstnalion 
Tlio appniantdispbitomciite in 190b of tlio Lwelvc point* m lliu gioup confoim clobcly 
to tlio Torn deduced laws govcining such dinpluampnlb Tlio so\on points to the wM- 
wnid of Lius lault moved in a uoithcily duoction, m azimuth vaijing Horn 187° to 158°, 
with a mean ol 141° (38° W of N). Tlio azimuth of the fault u this legion is about 141° 
l-t 1 ) 0 W ol N.) All five points to tlio eastward of Lius lault moved auuLheily, m umiulli 
vaiying limn .M)l° lo 328° with n mean ol 318° (12° E ol 8 ) All of Ilia point* in tins 
gioup aic witlun 3 2 kdcnulci* (2 0 uiilcsl ol the fault aiul tlicictoie givo litllo o]ipoiUt¬ 
ility to otiLPi lain wliothoi the amounts ot the duplacomcnte Bhow any i elation to distniici s 
fioin the lault. Such a lololion is not clooily disoeinible among tlio obeeivod dupl.ue- 
iiicnUi Tlio cvulonco of tho oppaienl displacement at Ross Mountain (bob table 1), 
b 2 kilainrlcis (4 2 miles) lo the eastward of tho lault, indicates a deaieeee of diepkcemi rtl 
with ineioaso of distance limn Llie fault m thaLduection The avaago displacement ol 
Uip five points lo the poslwoid oT llip fault is 114 motels (4 7 reel) and that ol tlio wven 
IHiinLs lo Hip wpslwaid u 16 twice ns gical, nainoly, 211 metem (0 9 foot) 

(houp fi Polid A/eiiff —In line gioup llicic aie Km poinLs iloUinunoil by soeondniy 
luongulatiiMi in 1H70 to 1892 that wuie lodcleiiamod b) Boconilaiy tiiaugulalion in HKIl), 
stalling horn tlu blatume FudiPi and Cold Spring, 112 and 13 5 kilomduia castweid born 
tlio Toull lcspcotivuly (Soo map 25) A study oT Llic poaaiblo orims in tho liiangulation 
shows Llial dl of the cbsnvod displacements in thu gioup nio ecitam, caoh faouig cltaily 
gioalPi than Hip maximum possible ouoie el obeenaLioii Thcic is a possibility tliat the 
assumption llial tlio Lwo stations, Flslici and Cold Spring, lamaincd unmoved in 1906 a 
in cnor Tlio liiovoniaiil, if any, oT llicso slalinus was piobably about the same Toi boLh 
Blalione and m a eaulhcily duoelum and paialldl to tlio bull If such a nunamonl of 
those stations ocouned, tho computed displacements in 1900, Bhown m table 1 and on ump 
25, aio all loo binall loi stations lo tlio cast word of tbo fault) and loo groat loi stations to 
tho westward of it 

Tho agiocmont of tho observed displacements of the ton points in this gioup with tlio 
foui deduced laws is close Tho six points tc the wceLweid or the lault moved in azi¬ 
muths varying thiu a rango ef 5° only, liom 159° lo 104°, with a moan of 102° (18° W of 
N) The fault in this vicinity u> said lo ohange in azimuth, noai tho poml whcic it ciomes 
the ooast4inc, horn about 144° to about 104° (16° W ot N), euiving to the aeatwaid 
The four points to the aeatwaid of the fault moved in azimuths vaiying fiom 321° to 840° 
with a mean of 880° (30° E ot S ) The station Shoemeke, eompoiativelv near to the 
fault, 15 kilometers (0 9 mile), en tho west bide, showed a displacement much laigei than 
any of the other five points on that sido, ell of whioh aie bom 5 7 to 7 8 kdomcteiB bom 
the fault Tho two points to the eastward of the fault which eio within less than 1 
kilometer of it were Hwpliied eeaily twice ee much ee the other two which aio neerlv 
4 kdometen from the fault The aveiagc displacement for the fann pomte to the east- 
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waid of the fault is 110 meteis (3 8 feot) ami foi the bit to the wnlwaul is 2 3 famw as 
peat, namely, 2 71 meteis (8 0 feet) 

Gioup 7 Southern put qf pnmaiy ti angulation —In this gioup, extending «uth< 
wrnd fiom the line Mocho-Sieiia Moiena, theie ue nine points (bee map 24) of which the 
positions sne leilcteimined aftoi tlie eaithqunhe of 1006 01 there, one, Lome Pzieta, 
had hoen loimcily dctcimined both betoie anil after tho caithquakeof 1808, five othcn 
liad been determined before 1868 but not alia, and thiee had *»«" deleimmed aftei but 
not before 1808 (See tables 1 to 3) In this gioup, theietoie, but one point is available 
to show the disploeemont ol 1608 

The ti ian gu l ation of 1864-1866, slotting fiom the line Ridge to Rocky Mini mi nasi the 
Pulgps Base, consisted ot a single chain ot tiunglre with all angles meosuied, down to the 
line Loma Pnetn-Gawlan The Point Pinos Light-house «nd the Point Pinos T-niitmla 
Station were eonnecteil with this chain,and with cheeks, by obaeirations in 1854,1804, 
end 1806 

The main tiiangulation of 1870-1887, fiom the I™ Mount Diohlo-Mocho to the I™ 
Mount Toro-Santa Ana, oonaisted of a stiong chain of figuies with many checks, being 
substantially as shown on map 24 if Gavdan be omitted and all stations occupied In 
this tiiangulation, howovei, no complete independent deteiminations with checks were 
made of Black Mountain, Santa Cins Azimuth Station, Gavdan, Point Puios Light- 
houim and Point Pinos Latitude Station 

The tiiangulation of 1000-1007 was made as shown on map 24 Two sopsiats least 
square adjustments weie made of the main scheme connecting the points Mount 
Diablo, Hooka, Sieiia Moiena, Loma Piieta, Mount Toro, Gavdan, and Santa Ana 
In the fiist adjustment, it was assumed, as far the computations of other gioups, that 

Mount Diablo and Hhdin nnly wnmnwl wiimwiiH Hinmg tl>« wulJigimlni nf 1QIIH This 

first adjustment showed an apparent doplaoemenl of Santa Ana u 1006 of 3 20 meters 
(10 7 feet), in azimuth 288° (72° E of 8), hut an examination in detail of the possible accu¬ 
mulated eiiora m the tiiangulation showed that this sppaient displacement was piobably 

due to CllOlS of obseiration Tho new piiminy tnaTi giilstin n 1 H mnnli naahf irp Ihn flgiiw i 

defined by the five points, Macho, Loma Pneta, Mount Tmo, Gavdan, and Santa Am, 
than elsewhere fu two leasons Fust, the length must be csiiiod without a ohcck 
thiu the triangle Iona Piieta, Mbcho, Mount Tore, of which only two angles weie meas¬ 
ured and this tiiangle is vsiy unfaimabla m shape for an accuiate fiptnuTiinutinm of 
length Second, it so happened that the least accurate obaei rations in the pu- 
msiy tiiangulation were in this triangle or m its iwhiwHi*i-j» vicinity 
In the second and adopted adjustment it was assumed that Santa Ana, as well ss 
Mount Diablo and Mbcho, remained unmoved dining the mHiqmiw of 1000 The 
astionomic aaunuth had been obBmved at Mount Tmo m 1886 and ngsm after the 
eai Ihquake of 1006 These two obscurations messuied the absolute ehange in aiimuth 
of the line between Mount Toro and Santa Ana m 3 miliM twl it to be 2 5*, the |nfa>i 
asimulh being the gieatei This was utilised to otiengthen the 
In view of the evidence of stations faithei nmth, the aseumptum thut. f ma Ann. ie- 
mained unmoved is isasonably safe Santa Ana is about 27 kilometers (17 miles) to the 
east wild from the point at which the fault disappeared iww the village of San Juan 
There is no station anywhere m the tiiangulation mme than 6 4 kdamebus to the eastward 
of the fault for which any displacement m 1006 was determined with ceitnmty 
If Santa Ana was displaced m 1000, the mransous assumption mtioduoes an error into 
the computed displacements at the stations Gavdan, Mount Toro, Point Pinos Light¬ 
house, and Point Pinas Latitude Station, of about the asms iu " n|| " t as the ma»3 Hu . 
placement at Santa Ana The enor produced m the computed displacement at Santa 
Ci us Light-house and Santa Crus Azimuth Station mi«t be «nmJi smaller,no ■"» 
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would be produced at Loma Piieta Taking the unceitainly in legald to the a>ti mated 
stability of Santa Ana into account ne well ne the possible enois in the tnengulntion, 
the following estimates of the unoailainlies of llio apparent «l»«.plniiriii{H)tn nao mode 
The displacements of Loina Pnela in 1000 and 180M (boe tables 1 and 2) aie both 
ceitain 

The displacements of Black Mountain, Santa Cius Aeimulh Station, Gavilan, Point 
Pinoa Light-houso, and Point Pinos Latitude Station, ns shown in table 3, aio also cui tain 
These aie all combined displacements of 1868 oiul 1000 These stations wmo not detei- 
mmed between 1368 and 1006,henoo it is not possible to determine duoctlyfiom Lho obser¬ 
vations llio scpaialc displacements It it bo assumed that tho displacoinonts in 1803 of 
the last foui oi these points wme the same as that obsoiiod foi Loma Pi iota (sco lablo 2), 
tlien the infoiiad displaocinents foi caoli of these points in 1006 is as shown at the end 
ol tahlo 1 These internal displacements foi these points aie, howevoi, vmy doubttul as 
the} dopend upon a dotoiminatum of the displacement of 18b8 at a single point, Loma 
Pnola, wluoh le 24 kilomctcis (15 miles) bom Santa Crus Asimulh Station and more 
than 48 kilomctcis (30 miloc) bom oeeh of tha olliei. stations It wh«nl«l be noted also 
tliat tho dibplaeomenl ot Loma Piiola in 1808, which is ceitain, is voiy ihUcicnt Iruni 
that ol tha olho foui points, Mount Tomalpsie, Foi alien Light-houso, Ohnpund, and 
Hobs Mouiilain, foi which llio displacements of 1803 havn boon dcloi mined duectly by 
ubsmvations It is a displacamonl to the soulhwaid uietoad of to llio noilbwiHtwanl 
and is much lsigci than foi the othoi thioc points 
Tho dotaminabon of the displacement of Mount Toio as shown in tablo 1 is auim- 
wlial unoeitam Thme is aldl nunc uiioailainty u icgaid to Urn nppuonl displace¬ 
ment at Santa Gius Light-liouMi 

Tho very small apparent dhplacmiont, 012 meloi (0 4 foot),of the Lick Obacrvaloiy 
small ilomo in 1000 is piobably duo to anus of obsuvatum 
The two punts in Uiu gioup to tlio coelwanl of tho laiilt show appsiont displacomuile 
in 1006 in aoconlonoo with the laws deduced bom oUuu ginups Lack Obsorvatnry, lur 
fiom the fault, 80 lalomotou (22 miles), having an apparont di-placomont so small as to 
be uncutain, and Lama Pnota, within 4 8 Inlamolus (3 0 mdes) of U&o Inull, having au 
apparent displacement of 007 motor (32 fool) m a saulliuly diroollou and willun 0° 
of bung parallel to the fault whieh hue lias an asimulh of about 312° (48° E ul S) 
Mount Toro is the only elation to lho wostwud of llio laull in ibis group fur which 
a determination oT tho displacement of 1000 w not very doubtful Tho displacement in 
1000 of 0 05 meter 01 feet) at Mount Tuo is la a uoithoily duootionwith a slight incli¬ 
nation to tho westward in fail agioemont witli the dcducod laws Mount Toro b hoyond 
the end of tho putaon of the grcaL fault of 1006 which lias been tracod on Lho auifaoo 
Tho appaicnt displacement of Santa Cius Lightrhonse in 100G, of winch lho do- 
tumination is doubtful, is elosoly parallel to tho fault an 1 in a norlhraly dueetum, 
curesponding to othei punts to Ite woslwatd ot the bull 
The infurod displacements uf 1008 foi four pomts shown at the end of table 1 aio all 
very doubtful, and httle ■igwifiwaim* shoubl bo attachul to thorn or to the foot that they 
uo comewbat contiadiotory to each othu and all havo a southerly tendency, whereas all 
othei punts to the wostwud of the fault ot 1008 movod in a noitheily direction As a 
ehaok on this conclusion, it should be no tod that the ufenod displacement fu 1008 for 
Santa Crus Asimuth Station dilteia by 72° in ducction and 1S20 motua (41 feet) m 
amount bom the observed displacement of 1008 for Santa Cius Light-house, a point only 
3 0 kilometers (2 4 mllse) away The observed displacement for Santa Cius ijght-houBe 
is much lass uncertain than the Infan ed displacement far Santa Crus Asimuth Station 
and henoe the oontradlotum throws «ldHaniMl doubt on the latter and tho other throe 
points far which the mfomnee is made in like manner. 
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Tho the inteiied displacements of the* loin points lot IBM aio dll loiy • loublTul, tho 
ohseivedcombined displacements ot lBGSeiullOOb lot those fbin point*, a* shown in lablo 
3, ue all eeitoin, being dauly beyond the poa*il>lr rangu ot cuoisui ob*ei\nlion So al*o 
me tho combined displacement* or 1308 and 1B0O tin Luma Piieta and Block Mountain 
It appeals then that the combined ettecle of the euthquakts ot 1608 and 1000 woie to 
move the whole legion horn Blank Wwiinfaun to Point Pinos to the eoulhcaslwud by 
liom 211 to 5 80 meteis (0 9 to 10 3 feet) The mean aiunulh of thcae ai\ displacements 
is 321° (30° E or S) The most abutting etidonce ot the combined effects of the two 
outhquokos n the inciba , sc of 3 meteis (10 Ind) in the width or Monteiej Baj fiom Santa 
Giiu Aiunuth Station to Point Pinos Light-house, both or these points having mo\ed in a 
MMi thei ly ducclion, but the lattei niuch moie than the toimei The length ot tho line 
Santa Ciui Axunuth Station to Point Pinos Light-houso is only 30 8 Ldomcteib (217 
mileb) The moicaso is theiefoie one peit m 13,000 
Not much significance should he attached to the tact llial Point Pinos latitude Station 
has appaienldy mosed one metei led than Point Pinoe Light-house This one metm is the 
tliffatanu ot the combined di&plncement* ot two caithqnaLes It is subject to the euois 
of obsoivntion in two deteiminalionsot each point by tiungulatiou in eamawhal diflcicnl 
ways Moieoim, the deteimmation ot tho position of the latitude Station olloi the 
oulhquakaot 1000 was mads without a ohcck It is tm thus leaaon that the displacement 
at Point Pinos Light-house is oanaulcied to be tlic moie idiable dclciimnalionor tho two 

DifaminunoN ur nsniH movemtot, souuiby 

In reaching the conclusions stated bdoir, the evidence has been studied mubli maio in 
detail than it has been given in the pieced mg pages The conclusions aie based on both 
the positive end negative evidence The positive evidence is given by the displacements 
meiked "oatem 1 ' oi "leaBonably oeilain" in tables 1,2, end 3 The negativo evidonoo 
is given by displacements maikcd "doubtlul," of whioh Rocky Mound is an example 
At this point the obsmvod appaient displacement of 10M was only 0 31 molci (11 fool) 
The accuiacy of tlio tunngulatum a such that it is piocticallv emtam that any displace¬ 
ment ot this station as gieat es one mo ter would be detected lienee the cvuloncc given 
by this station u that the displacement, it any, wee less than one metm end piobably 
was lees than 0 3 meter 

Maps 2k end 25 should be consulted whde lending the following conclusions 
Duiuig an euthquake in 18(18 oi about that tune, about 1,000 equate miles of the 
cm th'B ci u*t, oompi ised between the torn stations Mount Tamalpais, Fainllon Light-house, 
Ross Mountain, ami Chapeiiol, wen peunanently displaceil to the southward about 10 
meteis (6 2 foot), m aiunulh lo0° (11° W of N) The indications aie that this whole 
aica moved as a block without disloibon ui lotation, at least the tiiangulatum furaishcB 
no o\ idencc competent to piove eitlim distmlionoi lotation ot the block (about a vcitical 
asm), oi to locate aocuiately any bouiuluy of the block It is probable that the block 
included Sonume Mountain It is leeaonably ceitarn that Rooky Mound and the gioup 
ot points neai the southern end of 8an Fionoisco Bay, Red Hill, Pulgas Base stations, anil 
QUBno Island, wete not on this block, tho they weie piobably displaced somewhat megu- 
laily dunng tho euthquake of 1663 

Dunng the euthquake of 1868, or about that time, Lama Piieta was pcimanently 
displaced about 3 03 meteis (00 feet), in anmuth 307° f53°E of8) This displacement 
u in a direction at an angle of 138° with that of displacements of same date, refuted 
to m the pieeeding puagiaph Lome Pucta moved to the southcastwud, whmees Mount 
Diablo, Fainllon Light-house, Ross Mbuntam, and Chapanol moved to the northward 
It is leasonnblyoeitain that SantaCiuiAumuth Station,Pomt Pinos Light-house, Point 
Pinos latitude Station, and Gavilen vote oimilacly dnplaoed It is probable that tho last 
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three stations named wne displace*l to tlio toulhraslaaid in ISfIS, lx 1114 .ibouL 3 mclci* 
(10 IceO more than Hanla Unix Aximuih Hl.itinn and Lomu Pi nils, and canscquontl} tlic 
ttiillli ot Monleiey Hiy in inoicased then by almut ono pail in 1 3 V (KX) 

Tlio combined elite Is ol the cailhipuikrb ol 1808 and 1006 linve mu cased iho dihlanca 
lx>l wren Mount Tain.d|inib and Bloek Mountain, see map 31 and Uhlc 8 , by 3 mctoia (10 
It'd) Tlio rhslnnr^ is 74 kiloiuoleis f 10 nulls) and the inciow is thciofoie one pail in 
itl,U00 3'lio Golden Gale lies I m tween these two slalioiis It is uiteiosting lo nolo 
lluit llio length ur pm l of tlic Pacifio Coast including tlio GoLduu Gala Iws been mciuiscd 
just as Hie distance aenr* Monleiey Bay lias been increased 
l)ui mg the eaitlupiakc or Apnl 18, lOOfi, (hs|ilnecd points on oppnulc sides of the gienl 
rnull act omponyiiig die cnilhqunku inoietl in opponloduoclions, llinse to tlio eustwaidol 
llie fault 111.1 soutlieily nnd thme lo tlio weal waul 111 a noi llici 1) duoclion Among ell the 
IMUiils llieio mo but two apixuoiil except nuts to this ink*, linmuly, Rocky Mound anil 
lied Hill F 01 bnlli Ihe-u slalioiis the apiNiii ill exceptional mosoincnt is so email as to 
lie pmliulil) duo mih|i 1 t lo eiims nl olisnivalinu anil (hcrcfoio it is not significant 
l)ui mg Ilia aaiLliipinLc or 1000 , the |ieiniaiieiit displace mcntsol alldisluibcd pomls 
wore iiinnuxunalely iminllel to the fault When Ilia dilhoullies oncomitmod in determin¬ 
ing Iho diicoliou of these displacements aio considered, il is lemaiknldo that the obseivecl 
displacements billow this lnw so neemalelv as they do Tlio neaiest fixl jxnnl 6 to which 
(orh displaced |minl is ichucd aie I 10111 30 to 111) kilnmileih distant (30 to *10 nulls) 
The total displacements aio bom 0 8 to 4 0 meins (3 to 15 Tool) Among all the points 
examined, llicie aio hut five bir which llic apimienl (hnngus in distance bum tlic built 
aio not so small ns to lx* pi ninthly duo tu euois of ol ws valuxi Tlic Fiuidlon Light-house 
apparently moved al ail angle of afoul 37° with the Inult and its incicaso iu dulanoo bom 
the fault ol 0 H mein ir lcnsniiiihly eeilnm As Mi unit Tanmlpajs, neatly opposito lo Fn- 
lallim Light-house a noss the fault, moved imielimllY pamllcl to tlio fault, Lhoio wiw 
eilliei an n[xsmig of tlio liiull lieiuiith Uiewsiiu tliiHiegum 01 nnincrease in length or llie 
eailli'a 01 list, 111 adirectum al light angles lo llio laull, ol ono |nul 111 50,000 (0 8 inclei mi 
44 kdimictnH, in 3 bvl ail 37 miles) Point UeyeH Light-luiuse also apimicnlly lconhsl 
riiim 1 hn fiuilL,iiioviiiK 111 alxiiiL tliosnine dim Lum (willun 5°) ns the IfauUlnn hight-lmiMi 1 , 
liul the deb lininaluui ol Uia displnceinenl of Uui I’em it Heytw 1 jglil-liniM ih so weak llial 
lliih apimienl displacement Imh little Hignihenucc 11 is rensmialily certain tluil Bodega 
lltsul appinnehnl llio fault bom thu western side, while Ikxlegn, on the enslein idde 
nl llie rnull, lUxml op|XMte, moved iminllel lo (lie fault Tlio apimmnl closing up al 
llie laull oi hlimlening ol llio nusl al light nnglen tu Llio fault is I 0 meins (5.3 leel) 
lielwecn thmi two inhiiIm only 5 4 kUometeiH (.1.4 imles) apart This w ono pail 1118 ,J00 
Jl in pnosihlc tlial as much oh 0110 -hall or this a]ipaionl closing up ih duo to cnam ol 
olnaivalimi, hut it w icasoiiahly rn lain tlial 110 I all of il a duo lo tlialenuM Himilaily 
it is icuhonnlily cn lam lliaL J’oakocl Hill 111 llie Finl Him gioup recoded hum llio fault 011 
the cant side and Pinnacle Book apinoarlied it on iho west aide, the apparent omounls 
liemg 0 4 mein (1 3 feci) niul 0 7 moLoi (2 8 loot) icspaeiix'cly II is iciuoiialily coilain 
tliat Rail Pedio Hook in llio Culma gioup approaebod tlio laull horn Iho west sido, llio 
apparent aniuunl lmng I 1 meins (8 0 feat) 

During llio aulliqiiaho of 1005, Iho disidaoomonla on each aide of Iho fault were loss 
Uio gienlm tlio distance of llio displaced ]xnnts from the fault On Iho eastern sole of U 10 
fault, ton points ol an avrnngo distance of 15 kilnmolara (0 0 mile) from the fault havo an 
average displacement of 1 54 motma (51 fool), time poinla at on averago dialancoof 4 2 
kilomoleia (2 5 nulca) have an avorago displacement of 0 80 moLoi (2 B fact), and one 
point, Mount TainoljiaiH, al 0 4 kilomotaa (4 0 miloa) bom llio (null, baa a diaplacamont 
of 0 68 raotci (1 9 leel) These fourteon pomlx aie tlio only ones on the aaalain aide of tho 
fault Tor which tho obsnvnl dihplaccmcnts were delannincd with reaaonable calainly 
For no ponxt to Ihe eastward of llie lault al a greater dialonto than 0 4 kilomcloiB (4 0 
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mills) was any displacement detected with cm torn ty To the westward, twelve points at 
on aieiage distance of 2 0 kilometcis (12 milea) bom the fault have an aveiage displace¬ 
ment of 2 05 metns (0 7 teetl Seven at an aveiage distance ot 5 B kilometers (8 0 miles) 
have an aveiage displacement of 238 metei* (7 B feet) The only othei pout to tho 
westwnid of tho fault of which the displacement was deteimined with cci taint} was Faial¬ 
ien Light-house, distant 87 kilometcia (28 miks) and displaced 17B metei* (5 8 feet) 

In loeeding hom tho fault, either to the eastwaid oi to the westwaid, the displacement 
decieaaes mac idpidly neai the fault than it does fait her fiom the loult Accoiding to 
the avmagps given m the pa seeding paragraph, the don ease in displncoment on the 
eastern eule neu the fault is at tho rsto of 0 25 meter pa kilometei (that is, 0 68 meloi 
on 2 7 k lometcisl anil foithei swag tho rate ib 013 metei pet kilometei (that is, 0 28 
meter on 2 2 kilometeis) Imogmo a stisight Into befoie the eaithquake or April 18,1006, 
ataiting at the fault and extending eastward at light angles to it Aocoiding to this 
investigation, aftei the eaithquake Una line became a cm veil line concave to tho soulh- 
waid, the point at the fault being displaced southward and distant points on tho line ic- 
moining fixt Also aocoiding to the above figuies, the pait of tha lino whieh is fiom 15 
to 4 2 kilometers liom the fault was deducted bom its foimei diicclion about 52 seconds 
and that pait bom 4 2 to 6 4 hilomctns fioin the fault was deflected about 26 and 

the deflection piobably decieased giadually to aeio at distant pomts To the westward 
of the fault tho late ot decieascof displacement, ocunding to the averages m tho pioreding 
poiagiaph, neai tho fault is 0 lflmotci pei kilometei (that i&,0 57meter on 8 BlolamoloiB), 
and t ait her awav onlv 0 02 metei pa kilomotcr fthat is, 060 meter on 81 kilometers) 
Aoooidingly the imaginary straight line at light angleb to tho fault and cxlonding west¬ 
waid fiom it has become concave to the noibhwaid, tho pant at tho fault bang dis¬ 
placed to the northward and very distant pants icmaimng fixt The deflection fiom its 
original directum is about 31 seconds fa tho put bom 2 to 0 kilomoteis horn the fault 
and about 4 seconds on an aveiage for tho put horn 0 to 37 kilometers bom the fault. 

For points on qppoate sides of the fault of 1006, and at the distance bom it, 
than an the westward side am displaced on on avaago twice ns much as those on the 
eastun ■side Thu statement applies especially to points within 10 kilometers (0 miles) 
ot the fault Fn points faithei away, tha ratio becamn more than two to ono It a 
impoitant to noto that tha statement applies to displacements, not distortions Tho 
distal turn, expiest in angulai measure, diacust m the pieceding paragraph, is nouly the 
same on the two sides of the fault) bung somewhat In dose to the fault on tha westan 
nde thui on tho cratcin aide 

Tho amount ot lelative displacement or the two Bides of the fault by sliding along tho 
fault, as detectod by the tiiangulation, shows no variations for diHucnt pula of tha fault 
along its whole length fiom Point Arena to San Juan, with ono exception, which are suffi¬ 
ciently huge to be cleuly not due to aims of observation This exception is the legion 
nun Polina whmc, as aheady noted, relative displacements scon to he unusually small 

The pcimonent displacement* and distoitwm which took place at tho tunc of tho 
earthquake of April 18,1008, may be piotuied by imagining a aaiea of peifact squares 
drawn on the surface of the giound befoie tho with than sides parallel 

and perpendicular to the Fault At the time of the eaithquake n ery squaie to the east¬ 
ward of the fault moved bodily in a louthoily dnaction pai wllnl to the fault, the squares 
mue distant bom tho fault moving less than those near to it All sides of equates parallel 
to the fault remained stiaight lines, unchanged in length and direction For the squares 
to the eastward, tha aides peipendicular to the fault became curved lines eononve to the 
southward and changed direction oa a whole by rotation m a counterclockwise duration, 
the change being 52 seconds or more far squares near the fault, «H 1 m foi more remote 
squares The angles of the squares all took new values Hi Hung bom 90° by quantities 
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tanging ham mmc than 53 soooiuls lo mio Tho squues to Lira wnlwuil of llic lault 
maa nio\cd bodily in n noilheilv duoolion parallel to the fault, llioir sides painllel tn 
llio fault icmainiiig slimghl and unuliongiil in length and ilnoclion Thou sides pcipcn- 
dicuLu to llio laull betaine uuicd lines concasc to llic noilliwurrl and each changed in 
duGcliun by lotalion in a lounleiclnckwisr duoction, llic clinngp being moio than 31 
HTOiuh feu squares ix'iu the fault mvl less tin rnoio n mote squares The displnecmcnt 
o[sqiuure ueai Die raull urns twice as gieal foi squares on the wPblein sido as foi squares 
on the easloin, liut llio disloition wnn Might ly less lot miuiuob on llio wostoinrado than 
foi those uu llic unhidn uik llu appierinlilo displacements extended luck much fatthai 
hom the fault on llic western mile than on llic eastern -ido 

It is not piobalili 1 Hint the actual displacements rfiul distal I ions m ip pcifcclly logulai 
as indurated in the woid pioluie of llie pieeoibng poioginpli, hut tlie appaicnl dcpai tuicn 
lioni tins pei roc tty lrguLu ideal, of tin* draplaumonls aud disUntioiib ilclectod by llic 
tiinnguLUion Qicnenilv all so omall Ha to be pmmlilv dm, lo cjioib ol olismvalion Atlan- 
tion lias lieen called to llie four excepliijns, ol wlurii ouo eon lie cm tain, which have been 
doloclcd Tlie cat Ui-mo\aments of April 18,100(i, wuc iomai kabla lor then icgulaiilyof 
dials iliulion 

Tlie tnnngubilion of 1100-1007 lias l•xh , lulud eanlwiuil clearly beyond llio region or 
apinecinhlo iieimaaenl dis|ilnocincnts by the enillujuake ol lIKHi Tlie distuiboil leqion 
cvulmilly extended lo llio wuslwaid out umlei (lie l'.ieilic In'YoiuI llio iKNiililo icarli ol 
Uio tnangiilolion To Iho nnilliwmd id Point Aicua llieie n lillle jnolmbililv of mubli 
huceem il iui attempt were made lo clelmitiine lulihtumul displacement 1 ! liy tuangulatum, 
foi tlie known fnuH of 1000 louelim tlie eonsi fm lint a short dibliuirc anywhere lunth of 
Point Alena, and tuaiigiilaLiiin lo llio luirlhwaid of Point Aiena lufoiu Iho earthquake 
consisted nni|ilyiif a nniuiwnnd weak licit ol'loilnuy liiangnlalion II had been 
inlonilcil lo extend llie Itiangulnluiii of KKNi 11)07 fai enough lo llio southward to 
reach outnulo of Lite disliiilml region ft win mqiposed mild nflei Llie observing paily 
left llio houlliem end or llio Luaiigulaluui Unit this IiniL lioen aoaonqihHlicil, lnit wlien 
llio nildilionnl evklenen givon liy llio ollico eiimpulaUoiiH Ix-eainc avnllaltle, il wns ovuleut 
that lira iiUMl Houlliein jurails delininuieil aie atill willnu llie disiinlanl legimi 'lira 
fool that llic virnldn cvuiciie'iof lira raull ol l'NMl iku-i uotuxieiul faillun wuilliWHiil 
than Kan Juan uulloalea Hint Hum aio |iiolnlily Tew ixnnls in lira nouiliwaid of Mbuut 
Tmo awl Point Pinna fin which lira (leqilaroiiieiilH wiiu hugp eiumgh lo Ira doteotod liy 
liiangiilatum 


liisrimuRiN or AHsnMmam. 

Certain Uunga liavo ap|iaieii(ly hem amumed In tills InvesUgaUciii; lor uxompln, Umt 
appieruiblo pennanenl displapcmoiitH neeuiied (lining lira aniUiqunke of 1MM aa wall oh 
duung Die aailhqunko or 300(1, Dial llic pormaiwnl (liapbimmouls in 1000 ooouned 
Huddonly, aiul lliat lira atalrana Moolra oiul Mount Diablo remained unmoved in both 
earthquakes 

Tlieso arc rolled apirainni nuuniplloiu liecnuso in a real some thoy are not aMumplionB 
but are insload fuels detected gradually in studying for flrtean montha upon a steadily 
increasing mam of evulrnco Ubwcvei, treating than ac assumptions, then validity In* 
been reaxaminod In the light of nil tho eyidcnco, and to make this rapoit complete, It in 
now nocemaiy to state why they are believed to lie (lira 

It baa been tamlly awnnnml that the pawiMimidiHplMiHni«iiianf lOOfl, dctcotodby the 
trlangulabon, took place auddonly It n cm Lain from ovulonoo entirely distinct from the 
tnangulalion that on ApiiL 1R, 1000, relAtivo diHplaoemonta by sliding along the great 
fault of that dato took place suddenly, that Is within an mlm val of a tow aooonda, without 
much crushing m aapazaLion of the aidrs of tho fudt, and that llicso relative displacements 
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amounted fiom 2 to 0 ineteib (7 to 20 leotj These leUtive displacements ime ovident 
at evcij ioad r lento, oi line ot tiees Clashing the lault but such evidence does not enable 
one to awitam how tai back from the tault in each duertwir the displacement extended 
The lepetilion of the tiiangulalion aftn the eaithquahe showed Chat man} points at 
venous distances from the tault had all been displ'b.ed paiallel to the fault, that the die- 
li ibutaon of tlie displacements n legidai, and that foi points neatest the fault, the ielali\ c 
di~ placements corresponded in amount to those observed at ioads> lenws, Uee lines, etc, 
at the tault and which weie known to hnvo taken place suddenly Hence it is ceilain 
that the widely distributed displaoemonts shown hy the tnanguiatinn aie a part of the 
same phenomenon and took place at the same time as the displacements at the fault, 
that is, suddenly on Apid 18,1006 

For the displacements ciedited to the veai 1S0R in this lepoil, the ease i* riitfaionl It 
had been known from pievious examination ol the evulence given by tnangulalion LluL 
Mount Tamalpaib had moved between 1660 and 187b In the eouise of the detailed 
studies or the tnangulation in connection w ith the pie^ent investigation, it was round that 
olhm tnangulation stations hml moved stoi about 1S6& It was-discos eicd that whoievci 
tnangulalion in thin pait of Cnliimma betoiv 1603 hnd been connected with tnangulalion 
dune afln 1868, it wna necessoiy, in oidci to obtain consistent itiultB, to apply abnoi- 
inally laige coiiectibna to the obscued angles By tiial it was found that wheiesei tlie 
obssivations of angles weie scpoiated into two gioupaand sep&mie computations marie 
connecting identical pomla moiked upon tho giound, one group comprising obscivations 
before 1668 and the othei obeeivations allei diet year, that the ooi lections nece&saiy to 
obtain consistent lebulls hom each set of angles weie much smaller than before, and 
about the normal sue to be expected horn the iinstruments end methods of observation 
used The evidence proves that peiidanent dispLieemeutb took place at ot about 1868 
ol a magnitude which the ti langulatioa could detect with cm tainty Tho perticulni year 
in which tho displacements took place is not fixl, however, by the tnangulation, but 
simply the fact that they occuned within the interval of seveial yean whieh elapsed in 
each put of the tnangulation between tho labt ohseivatum befoie 1868 and the ffist ob- 
sen ration aftei that yeu Foi this reason aonsideiiahle ears has been taken in staling 
the dates of the tnangulation foi each locality In 1900, it was known that sudden pei- 
manent dibplaoements took place on a caitain day, haul, and minute along a gical lault* 
line and these dibplaeemonta were bimilai to those dot acted lata by ti mngulalion So 
toi as the wutora know, no evidence has been found that such laiga suddon lclalivo die* 
placomcnts took place in 1868 oi about that yeai, hut it is known lhat a veiy seveie eailh- 
quokp in this legion occuned m 1868 Hence the obsened displacements, refeired m this 
lepoil to 1868 foi the sake of bievily, may have occurred in some other yeu near 1868 
and may hare occuned by a gtodually aeeping motion extending over sexerel yeus 

No other abnomial dinnepancics m the tnangulation withm thu region aie known to 
exist If then aie auoh disciepanoies, produced by displaoementsof tho tnangulation 
stations by csithquakes, they me so small as to be effectually masked by tho unavoidable 
onoib of observation In other words, any othei peimanent honsontar displacements by 
eaithquakes within this region between 1860 and 1907 must have been much smaller 
than the displacements ot 1900 and 186S 

It has been assumed that there was no pei manent displacement of stations Mocho and 
Mount Diablo dunng tlio eaithquake ot 1906 Wliat is the evidence that this assumption 
is true? 

The true dueotion or aaimuth from Ifooho to Mount DutUo was dstermiiiBd by observa- 
tions upon the stus m 1887 and found to bo 144° 57' 3671' In 1907it whs redotormined 
obseivationb upon the stus and found to be 144° 67'3566 r , ddteiing by only 005^ 
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horn its Framer vnlue The maximum possible difTeirnco bctwcan the two dctciminationa 
ol a/imulh which ooukl ocoui simply a* chois ol obsonution n about 1* 1 nonce these 
obaonations show positively that tho tine dilution fioru Moclio to Mount Diablo had not 
rli&ngrd between thcuo dates by as mudi ns 1' and piohably had not ohangod bj as muoh 
as 0 y 

Tlic liue dncclion oi luimulh of the lino Mount Tnmalpais to Mount Diablo was 
dclciiiuniHl bv obscnalions upon the slain in 1882 and again m tho name manna m 
1007 In 1382 it nas round to he 271° Iff 13 01' and m 1007, 274° 117 14 49*, 0 56* 
lem than lieToie The (uunulh or (bo lino Mount Tamalpaia to Mount Diablo was com¬ 
puted separately bom (ho Uuuigulatinn hetwron 1308 and 1000, and fiom the tiiongu- 
iation allei Uip oailliqiinWeor 100(1 and the two lnlucs found to bo 274° Iff 1040* and 
274° Iff 17 80* lcsperlivcl}, Hie M'cond being 157* lev* limn tho Hist This appaienl 
don rase of naunuth ns dotniuinril bj tlio luangulation agiocs within 102* with tho 
drcirase of 015* dcteinniioil mcIoiioiidciiLl-y liy astionomio obboi vat ions 1 This ogiee- 
iiioul is willnn tlio range of poesildc cuoin or obscnalion In the two computations of 
the tuangulalion, tho lino Mncho-Mounl Diablo was assumed to liavo the aamo aaunuth 
liefoni and aftor Apid 13, 1000, bonco tlio doer agi commit nolod indicates that Uio 
oiimuth Moclio-Moiinl Diahlo lemaincd unchanged 

In tlio in\ csligalion which lias Isppii made, it was found that the absolute displacement 
dceini&cd with moiniMNl ihslanoo lioui the fnult auil that noihspbrarmrulaulIioiCTitlylaigr 
tn hr drlrolod with ceilninty was round hutlim to tlio oaslwuul rf tho Fault than Mount 
TainalpaiH, 0 1 hilomrln s (4 0 mi 1 pm) li inn it Mocho niul Mount Diablo uio 58 kdomolma 
(33 miles) fiom the hull, honco it arniiB crrUiui that Uio displacements, if any, at Mocho 
and Mount. Diablo mutt liavo Item oxtannidy Hinall Jt may lie olijoolod Dial this laioaaon- 
ing In a clirlr, inasmuch as Iho emupulod displacements clrpoiul upon Uio aseumptian 
lluil Mocho and Mount Diahlo stood null Cksucd or Uils objection, tin? aigument rodueca 
to tlio Following Tho tuangiilalinn slums no irlabvo displacements m 1000, huge onough 
to bo dolnmined with enrlainly, of Mnrlin, Mount Dial do, lloeky Mound, Hod Hill, and Lick 
Olmvatnry, a gioiqi oT ihhiiIm lai tn the raslwaitl ol tlio Fault, whereas many points 
iicarci to tlio FaulL alimml Inigr irlatisr (liH|ilarrnionUi as rrFennl to rarli oUirr, with a 
lnaikrd Inidrncy to lir gicnln (In* nruus to lira built am Uu? gRiiqw oF pinuls oomparrd 
Ilonoo tlic masoning is valid lliat Murlio and Mount Dialilo remained uiiniovrd, lliaso bomg 
two pmniB in a gmup allowing iui (bM|ilarrmpii(H lolnlivr to mrh oUita, tho whalo group 
Ixnng Far ricm thr FaulL and these two iieiticiilai Hlntuins liruig tlic twu iminta moat distant 
from Uir fault 

IF nUier Moolio m Miiiinl Dialilo lnul uuivisl in Apnl, 1000, m such a dlrortlon oa to 
drmcasr (or usroaMr) tlio vlniuUi of llm linn iiiliiing lliein, (hr oflrrt of Uio arronoous 
anuniptmn, lined in Uio roiniiulntloii of llir tilongiilatiou donn after Uio eaiUiquako 
Uiat Uio asunuth had lomainrd uiirliHiigrd, would luivr burn to luodurr a act of oompulod 
appaienl displacements whioli would lir rrpicsenLrtl by rod oirowa on map 21, all indi¬ 
cating a lolatlon m a eloekwiso (or countn olookwiso) dnrobon around Mount Diablo, 
Uic IrngUui of tho anowa being piopcirLionnl to tboir diatanrca bom Mocho and Mount 
Dialilo Tho fact that tlio eompulod api«ianl displacements of 1000, as shown by the rod 
anowa on maps 24 and 25, do nol show any auoli syatomatlo l datura to Bach other, lrnli- 
oatoa that tho lino Mooho-Mounl Dialilo remained unchanged m anmuth on Apnl 18,1000 


1 Tho jnoboblo onrof abanvud orlmulhIn 1887wiiO>1*ond in 1907 ±02 0* ; - Tho ana 
" pnbaluoiaiar 11 la ham uoad la the tachnlool saBso to vhlah It Is mod In aoiuiealhin with Iho loon stmis 
mathod of computation 
1 Tho dtanapoacy * 
tiono and tho orfmutl 

due |q ^iin doflflf hon i_______ 

clarion, whldi lo band on dlffenara of orimntho of tho i 
dlffomt data at tho i 


dlmnponrr of chout 4" on each dalo botvoai the admutli dojmmlnod by aabonomia <Amrn- 
i tho arfmuth datandned ta triiaigidatlon lo what la known as "Italian rniw M tnarinrath and,1a 
ndaflorhonof tho vmttariat Iho ohaaraiUonriollon. It dooa not anta Into tho pnta dlo- 
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Sunilaily, if athci Moclio 01 Mount DiaMo had moved on Apiil 18,1000 in such a 
duaction as to increase (oi deciease) tho distance Ix'Lwccn them, the elteet upon the com¬ 
putations ol appment displacements would have been to piodure a set at led oiiowh on 
maps 21 and 26, all pointing towaid (m homi Mocho and Mount Diablo, the lengths ot 
the snows being piopoitionsl to thou distances ham Mocho and Mount Diablo No 
buch systematic relation appeals among the airows 

Anothei item ot e\ulenee is btill available which indicates Hint the absolute displace¬ 
ment of points tai to the eastwant of the fault was rao on Apid 18,1000 Fiom ISO 1 ) 
to date a senes of obeeivations ut latitude hv obseivations upon tlie slats lus boon in 
pi open ooutinuoudy foi the Internal uuisl Geodetio Association nt Ukiah, California 
The propose of ther«e obsoivations b to detect vaiintions in latitude due to any cause 
The obseivations oie of an ertiomoly high giadc of acouiaov and lliey bio mailc on ovoiy 
deal night Di 8 D Townley, indulge of these obsenalions, made a special study ot 
the 233 obseivationb mode duiing the mtoivsl Apiil 4-Msj L inclusive, 100(1, (o dctei- 
mme whether any sudden change of latitude took plara on Vpiil 18 1 lie fouml no such 
change The obseivations aie compelsnt to ilolcunine with lcssonnlile coilomly any 
obange as great as 0 03*, eoimponding to 1 meta (3 feet) It is thmcloic lcssonahly 
eeitsin that the southwaul component of the motion, it any, ot the pus on whieh Di 
Townley's latitude instiumentwoa mounted at Ukiah, wa-ale-s than ono incUl on VpullS, 
1000 Ukiah is about 42 kilometoib (30 nuln) hom the fault and to the caslwaul of it 
Mocho and Mount Diablo aie much fsithcr hem the limit (53 kilomeLeiB) It is impoitunl 
to note that latitude obseivations dohnmincd the absolute displacement i at hoi than the 
relative displacement and that Him axe independent of observations at any other station 

Foi the laesons set foilh above, it is bdievud to he entam that the paimanonl dis¬ 
placement, if any, of eithei Mocho a MounL Diablo on Apiil 18,1000, must have been 
evtaemdv small 

Duiing verbal discussions of the eaithquoke of Apid 18,1008, it has boon suggested 
mors Mian once that one of its possible elfeolB may liavo been to ohonge tho position or Llir 
earth with i elation to its a\u cf rotation and so pioduoc a change of latitudes If an 
appreciable effect of this kind wme possible, tho validity of the above reasoning ui regard 
to the latitude obseivationb at Ukiah would be questionable Aoooidingly, a i ompular 
tion of this possible ottcot has been made 1 It was found that ll it be assumed that Uio 
mass displaced in a noithaly directum to tho wceLamd of the bull compiucil 40,000 
square kilometers (10,600 square miles) of tho csith's crest, having a moan lnliliulc of 38° 
and thickness or depth of 110 kilometus (liS imlos), that Lhus nialnial had an avcisgo 
density of 4 0 and that the noiLhcily component ot tlic displacement was 3 melon (10 
feet), the position of tho pole of maximum moment oT moilin noulil ho displaced by 
00007*, oouesponding to 0002 motei (0 00b fool) This is a limiting value ceiLonily 
much laigei than the actual value, fci oil assumptions entciing tho compulation as to 
the area, depth, density, amount of ihsplseenient, and moon latitude have boon made 
such as to make the computed value eatoiiily too gieat Moicovei, the similar dis- 
placementb of oontisiy dneebon to the eastward or the fault would peitullv cancel those 
an the westward side which have been oonsiriaed When the pole of maximum moment 
of inmtin is displaced, the pole of rotation is not immediately changed with reference to 
tho esith The pole of rotation tends ilmyi to seek the pole of maximum moment of 
inertia and travels around it in an megulai path It is ths instantaneous position of the 
pale of rotation with reference to the earth which fires the lat itude at any inst ant TIonoo 


‘ Th« ,,l *5SW t,oa u ‘‘ h ® NUmMi ot the Astronomic hxwtv of tho Pwaflc, Vol 

WHI^No^WB, Aiig 10,1000, under the tide The LaUtude of the Utiah Ofaaen aloiy befoi a and after 

1 Tlie fumula and method afcomputitum <a ahown in Truti de lUcanique CAleate, par F Tuniewfl. 
Pana, 1801, Qeuthiet^Villara, Tome II, pp 480-487 * 1 
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own tins cslicmcly small displacement or the pole ol mn\nnum momonl of ineilia 
iiinipulcil alone, 0 002 mclci, ilocs not immediately altacl Hie LiliLudc ot points in Qali- 
toinui, 1ml only tends to change llicm In' that nvi mgr amount in (he eouisc of a year oi 
mono The edeot of t he cmlhi|unko on the latitudes uf points oulbidc (ho legion of aUuol 
displacement of Iho suiTai-P is (IipilIoic eiituelj ncgjhgihlo Tlic osi thquake changed the 
latitude ot meiked points on llie eai ill's sinlaco wit inn tlui disUubod union by (lie nmomit 
ul the iioilhwiinl or eoulliwaid conipnnonte ot the displace ment or the points 

Himiliuly, the jxwsihlc cllcrl ot tlic displacements an tlio ckrfluctious of iho voilical, (lint 
lb, ujion Iho dneelion ol giaulv nl any ixunl, w too small to be consideiod 

l lie displacement* nem Point Aiena wrap computed upon Iho assumption Hint the 
liinnguialion stations lhshci ami Cold dpi mg icintuiicd unmoved during Iho cailliipuike 
ol ItNNI Is this assumption tnu 1 ? The station lailhcsl to tlio oaslwud fiom tlie 
Inull al which a displacement in 10011 has been iloleetod with ccilninly is Blount Tarnsl- 
imis, distant 0 1 kilometers and displaced 0 33 mclra Also the talc or docicase of dis¬ 
placements al (hie distance lias been loimd to be 013 mein pci kiloinotoi of inacaso nl 
distanco bom llie (anil At this tale, tin* displacement would liecomo jcio at about 11 
LiloincUns bam Iho fault Fisliei is 112 and Uulil dining 13 5 kiloniLlcis from tlio 
fault, lieiioc it is lrsboualdy crilnm thul if tlio diaplaccmonl was not nao, at tliesa two 
stations, it was so ncni|y mo dial it could not have heen deUiolod mill coiLainlr 

A high degiee ol neeuini 1 } 1ms lieen domicil bn (lie tiiaiigulalion TIioio is abumlanl 
eviilenio available bom wluch to ilolciimiie the nelual aecuropy, as has licon indicated m 
an eaihra |»it or this lPlant A laign nmoinil of lmu> has been spent in nluilyliig Ibis 
eviiloura in oiiln to iihuic Hint llie estiniaUs ol llie aeruiney of tlio dotomunation of the 
vniuius npixuonl dispiaucmonlH might 1» idinlilc Tlio mellioils neecssaiily Inllowrcl 
in estimating tlic necuiaoy aie loo teoliiiieol siul too eom|ilieatad to lie included in tins 
lcpoil Two illiislialums of tlio degieo of nccurncy attained in the obscivntionn may 
jncive inleiPHlmg, Imwevai 

nic ]Nisilum ot Uie lack Olm vntm y mnnll dome wns dotoi mined nrtei the nutlupinko 
or lOfltl by uiteiReetmiis iifion It bum four htnlimiH, Lciiua PucLn, Hiram Moieua, Ural Hill, 
end Blodio TIipio were dibmcpunciPH aniniig tliesn olwivatmnn wluch wrap ail|iMlod 
liy ilia method of least HrpuurH and a resulting most pm liable jmsilinii ndoptral aiul innL 
m eunipubng tlic apinucnL c]is]ilnrpuumt gtvrai in tnlile 1. Tlic menu cilweivntmn bum 
laima ]*nptn hit 0 38 meter (1 2 fouL) to tlio led of tlio position adopted loi llie dome 
Tlio mean ohanvalion brail Hiraia Mcncnn hit 022 miles (1)7 lcxil) to the light, Unit 
bom lied llill 00! uintPi (003 loot) to tlio lell, iunl that fnnn Marlin 0 11 inulra (0 I 
loot) to Urn Ml of tlui uiUiptral position The words "right" ami "lell" icfei meach 
ease to tlic lark Olms vntoiy ilomo as seen from the Hlation munnl. Thu dnitaiien of tho 
foul nlHcrvnlinii ]»mts hum Die lank OljservaUiry wise, laiinii Vnela 31 kilomelem (10 
miles), Hirua Moieua 30 kilometers (37 milus), Ural Hill 40 hlhiiiicUni (20 miles), aiul 
Bfoclin 17 kilometers (11 nub's) 

Smiilaily Hie dclnmutation ot tlio position uf tlic Task OlisravnUny before the coitli- 
cpiako deiiended U|xm olnervaluina taken bom spyon n tat ions, Santa Ana, MbunL Toio, 
lamia Piieta, Hieiia Morena, Mount Tanudiuus, Mount Diablo, and Moclrn Tlio hne 
bam Mount TOinalixus, 100 kdumeteiH (0b mrias) long, mist Iho adopted position by 0 30 
mold (1.2 feet) The olha u\ ell oomo mxucr tluin this to the odoptod position 

Hie Farallon Iaght-liouso woe dotranunod between 1808 aiul 1006 by uitanocliona 
upon it from throe statunn, Mount Helena, MbunL Tsmalpaie, and Ruma Moiona Tho 
meanobootvalaon bran Mount lfolona,distant 1J2 kdmneton (70 inilos),mist the adopted 
position by 0 80 moto (l 0 foot) and tho other two lines came closer In 1006-1007 tho 
Eai alien Light-bouso was rtnLorrmnod by inleisoctions upon it liom tho six stations Roes 
Mountain, Tamales Bo}, Point Heyos Hill, Sonoma, Mount Tomalpais, and Sunn Mo* 
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vena The line bom Sonoma, 70 kilometer? f46 miles) long, mat the adopted position 
by 010 meta (0 8 foot) and ell the otheib came closer 

One other assumption lemauie to be examined The displacements oF 1868 me com¬ 
puted on the assumption that the line Mount Tamalpaia to Mount Diablo had a ooitoin 
length and azimuth before 186S and a contain different length and azimuth aftci 1868, 
Miounft Tamalpaia being supposed to be m a new position, but Mount Diablo unmoved 
The two positions fin Mount Tamalpaia ware den veil fioin catain computations based 
in turn on assumptions that eeitain other stations remained unmoved in 1868, or plas¬ 
tically so 

The asunuth oF the line Mount Tamalpais to Mount Diablo was deteimined by observa¬ 
tions upon stare in 1866, and ogam in 1862 the later observations made tho asunuth 7 84* 
greater than eailiai observations The two adopted aiimuths From the compulations of 
tnangulation leieiied to above also differ by 5 88*, the later adopted value being the 
greatei 

The foot that the two independent determinations of change of azimuth, one zstao- 
nomica] and one gaodetio, agree withm 2 4fl* w a strong pi cof that the adopted geodetio 
aiimuths are eoneet, 3 46* being within the possible range of the vaiioua obearvations 

Following the same reasoning as fin Mocho and Mount Diablo, tha oomputed displace¬ 
ments of 1868, as shown by led anows on maps 24 and 25, indicate that the two azimuths 
and two lengths used For tha lino Mount Tamalpab to Mount Diablo, before and after 
1868, must be very eloso to the buth 

CHANOaB IN ILEVATUlN 

The preceding portions oF this Report have dealt with permanent horizontal displace¬ 
ments caused by the eaitiuioahe of 1006. It is nupatant to know whether pennanont 
displaoemente m the vertical sense also occurred Upon this point tho obsei vat ions of 
tha Coast and Geodetio Survey furnish evidence far a small area, involving paita of 
Ban Franaseo, both sides of the Golden Gate, and Baurehto, 125 miles north of the 
Golden Gato 

At the tune of the earthquake an mitamatie tide-gage was in operation at tho Presidio 
Wharf, u San Francisco, on the southern aids and about 125 miles to the eaat of tha 
naiioweat part of the ehaoodl thru the Golden Gate The gHgo had been m operation at 
that pomt continuously amee July 17, 1867, and is stall m opeiation 

The re c ord made by this gage on April 18,1606, showed an OMillabon, with a range of 
about aix inches, m the water surface evidently produced by the eei thquake, but it showed 
no evidence of a change m the relation of the gage zero te mean sea-levol In othoi woids, 
the record for that day docs not indicate that the tula-staff had been changed m elevation 
by the Barthqnalm 

To detect any poaraUe small ohango in elevation it is, of course, neoesaaiy to examine 
much mme wo u ld than that for a single day Tho examination has now been extended 
by computation to include a whole yeai of observations since tho earthquake for com¬ 
parison with nine yean of observations before it 

The following table shows the leailmg of mean sesrlevd on the fi\t tide-staff foi of 
ten yean, as determined by taking the mean of the houily ordinates of the faHai curve 
The annual means are taken rather then meana for any other period in order to eliminate 
annual inequalities, presumably due to meteorological rnimna, which affect the means 
for separate months May 1 is taken as tha beginning of tha complete year available 
after the earthquake Since it is not oonvement, in the computation, to any 

month's observation into two puts, the year is commenced on May 1, rather on 
April 18, the dato of the earthquake The first year, 1867—1868, is meampilsto h—i m 
the ofazervataans were not commenced until July 17,1867 




The Ion «imm] means show an unmistakable tendency to fall into thiee groups, as 
indicated by the inssns shown m the last column ol tlio table Within each gioup theie 
m no appaionl tomlonoy to imuoaso 01 dccicasc BoLween the flisL and second gioups the 
loading of mean sasrlavol incicased 0 203 foot and between the second and thnd groups, 
it again mcioasod 0182 foot Such an inoicase corresponds to a subsidence of the seio 
of the tuloftlaff with lcfaenco to mean aearlovd An examination of the monthly means 
indicates thaL piobohly the subsidenoe ocounod suddenly in each case, the movements 
taking place about Juno, 1800, end Apiil, 1001 The reooid must not he considered as 
proving positively that these two subsidences took place Tho bhangoe are not dearly 
beyond the isngo of possible mar in tho dolaiminaUon of mean soarlovcl on account of 
mcgulai ohangus In tho walm curfaco due to causae not olceily undentood, tho thoy are 
beyond llto poeuliln iwigo ol insLruincutal erroic 
The annual moan for the ono year after tho earthquake, 1000-1007, agteos with tho 
two pi seeding annual moans within lew tlian 0 01 foot In no oilier ease in the table do 
tliroo buocobbivo annual means ngroo so closely witli oaoli othoi as Lliros thioo Appai- 
enUy, thmoforo, no eluuigo in the elevation of tho smo cf tlio tulo-Hlalf oeeunod at tho 
tinio of the oar tin [uake 

Aa fuiLhar ovulonco that no apprvdalilo bhongo in tlio olovallon of the lido-etaB look 
ploco on Apid 18,1000, the following table is submittal. Cun spending months of two 
yoais, ono bofaro and ono oTtai the earthquake, aio oomparod to avoid tho ofTools of annual 
inequalities Tlio eumpnnsan indicates lliol no oliango look plaoo in Aprd, 1000 

TahU 5 —Monthly Moon Reedlngi of Uoan Boa level on Tlilo-oteff 
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The xeio of the tide-stall «b connected by leveling with Ihe gioup ot bencli-maiki 
nwu the gage at vuioiib turn* duiuig the inlei\ol 1808-1907, including a delei mi nation 
aftei the caiLhiiuake The leveling showed no ai'pieeiablc change in the i chit ion in clo- 
\ ation of the beneh-mniks and the tide-staff Hence, the pmeding statements m icguiil 
to a possible subsidence of the tide-staff on two occasions ami in icgaid to its constancy of 
elevation on Apul IB, 1006, also apply to this gioup ot bench-muks 
Bcfoie the eaithquake the Coast and Qcoilitia Suivc} liail done leveling which aon- 
ueeled the gage at the Picsubo Whaif with vauous bench-moilm ui San Fianoisco fioin 
Voit Pomt (o Ihe Union lion Woiks, and with lcnch-maik* at Sausolilo This leveling 
was not of tlie giade ot aceuiary known as piocne leveling noi was it done continuously 
Theie aie nleo n\ ailablo foi use in the piesent investigation ceitnin lolative elevations ol 
bench-maiks befoic the eaitliquake fuinisliorl to the Uueat oml Gcodetio Suivey by tho 
city enginem of San Fianoieco These include a heuch-niBik neai the gage at tho Picsulio 
Whsit 

Aftei the eaithquohe Mi B A Baud, Assistant, Coast and Geodetic Suivoy, tan a line 
of piecise let els fiom the Piesidio gage to Foil Point and Saibalito, and to the enatwnid 
thiu Son Funcisco, to the Union lion Woilcs, connecting with vniious old bench-marks 
Theie weie 36 bench-nuuks connected by the leveling befoic the eaithquoke which 
were leeoveied with ceitainty by Mi Baud and the dotations ledetaimined by him 
The tallowing table shows the elevations uf these bcnoli-moikabetoieand aftor tho caith- 
quake and then appment changes in elevations All of the donations in the talile aic 
lefeiied to the same datum, whioh is the leading 8 514 fett (2 6061 moloib) on Lite fi\l 
tide^taff at the Piesidio Whaif, that being appioximatdv mean sca-lciol All Lho 
elevations ora computed on the supposition that the seio of Ihe tide-stofl at the Piesidio 
Whaif xemaincd unchanged at tho time ot the earthquake 
The table shows no appieeiahle change of elevation of the bench-mailm at the Picsulio 
Whoif The maximum appaient change in ulnvnlinn is 7 0 nun l0 3 inch), a quantity 
within tho possible znngo of cuor of the leveling Mi G E Gilbert, Geologisl of LlioU S 
Geological Suivey, at the obse ol an examination inode soon aftei tho ouLhquako ami 
betoie the leveling had been done, exprevt tlie opinion that if this gioup or bonoh-uuuln 
had not changed then ldnlive elevaLions, they piobably had not olinnged in lelation to the 
tide-sLaif IL is piobable, thoiufoie, that thao two benoh-nuuka and the tulc-faLall main¬ 
tained their absolute alavatums unchanged 
At Foit Point, the three benoh-maikb nooi the shoic show an appaient uso of 74 mm 
(2 9 inches') on on aveiuge, and benoh-maik 0, high up on Fort Point, shows a slight]} 
uuallci appaienL use, SO millimoteis (2 3 inches) All theso aie on giouiul supposed to 
bo stable The use indicated by the oity leveling, m tho last column, is consu Usably 
Bmaller 

The two bench-minks at Sausalito show an appaient use of 37 imlhmetcis (15 uioliosj 
It is not catun that this lepiesenta a leal change m elevation as lefeiied to Lhc acio of 
the Piesidio tido-btaft The euoie of the eld and now Irnelmg, inrlulling the ciossing uf 
the Golden Gate (about 126 miles) in each earn, may account tor the appaiont change 
In the leveling be foie the eaithquake the elevation was tiansteued fiom Picsulio to 
Sausalito by watsi-levele and also by wye leveling with a ditleienee of 13 milhmetcis 
(0 6 inch) In the pieciso leveling alLm the eaithquake, the two independent mossing* of 
the Golden Gate, each depending on man\ home of obaeivation, difieiod by 30 milli- 
mctcie (1 2 ineheB) 

The thice bench-mai kb at and neu Foit PomL allowed aiuoll appaient m 

elevation 

From an examination made soon aftei the eaithquake Hi O K Gilbert, Geologist, 
expiaat the opinion that the bench-mai In at Lafayette Paik wme probably moie alahla 
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than any of the othsis axamined by him The table indicates that the two of thc>aO bench 
maiks, foimuly detei mined bj the Coast and Geodetic Suivcy deling, subsided 75 
millimeteib (30 inchm) and that the one, iletamineil bj the city leveling, toeo 43 milli- 
metaiB (17 inohee) Theie is no appuent leaaon Foi the contindiction among tlio Ihico 
benoh-maiks oF this gioup 

For the thiee benoh-maike at the Union lion Works, the table shows a contindiction, 
two of them haring, apparently, inm eased in delation and one having dec i cased The 
gieatest ohange is, howevei, only 52 mm (2 0 inohas) The Union Iron Walks i* naul to 
bo paitly on filled giound 

The two bench-maiks neai the Magdalen Asjlum appaiently incieased in dm alum 
as shown by both the Coast and Geodetic Suivqy and city leveling 

Of these hench-maiks, the thnteen in the five groups at Fmt Point, Sausalito, Foit 
Mason, Union lion Woilcs, and Magdalen Asylum, showed an average appaienL iiac at 
the time of the eai thquake ot 35 millimctcia (14 inches) as detcimined by the Coast 
and Geodetic Suivey leveling As the leveling simply gives i dative elevations Lhe 
question aiiseu, Does this quantity lepieaent an avaiagB ilia of the thulcen boneh- 
maiLs oi does it iepiu>eiit a settlement ot tlie aeio of the tide-gage and the adjacent 
benbh-miulm at the Pieaidio Whaif* The tidal obseivntione aio not compotcnl lo 
determine this question with cci Lainty The generol experience with ddeiminalums 
of mean sea-lovel, fiom long be ties of tidal obaoivatums, wmianle the statement that 
the eiiar m deteimmation Eiom a single yeni u as apt to be graator as loss than 0 75 inch 
(19 milkmeteib) anil that it may somotimcs be as gioat as 3 5 inches (04 mdhmoleia) 
It is possible, theieFoie, that the two bonoh-maiks at the Piesidio Whaif and the xmo 
of tho tidwgnge have settled 35 nulluneteis or that it is, m put, a subsidence aL the 
Piesidu) and m puL a use at tho other places 

The elevations of the gioup of fom benoh-maiks m the tofale with 40B at 

the Appraisals' Budding, weie deteimined befoie tho euthquake by the oiLy ongineei, 
but not by Coast and Geodetic Burvey leveling These four, in vuious puts ol tho oitj, 
show no apparent change in elevation gieatei than bB millimetua (2 7 inches) Two ol 
them appaicully lose and two subsided 

The apparent ohanges m elevation of the thiee bonohrmariu m the tahle, nnnimim«mg 
with 41 at California and Montgomoi y Sti Lets, are not supposed to have much ■■ gnifWinm 
in oonncetion with the question oF whether a general ohangB of elevation took plaec 
These thiee bench-marks was each subject to local dihturbancea during tho «mtJwpM]n» 
m wme neu m on filled giound 

In ten cases the old leveling determined elevations of hydianta and the new leveling 
detei mined elevations on hydiants in tho some locations but known, Emm the dcsmip- 
tuma, to bo difleiont Fiom the old hydiants Bunduly, m seven otha casae, tho old 
leveling established the elevations of points on oinbstonob, steps, or doom, and m each of 
these cases m the new leveling it was found to be impossible to recover the old point 
accurately In all of these 17 cases theie is, therefore, only an approximate oonneotion 
between the old and the now lev chug The evidence From bench-marks has all 
been examined oaro fully and does not lead to any different oomduaion fiom that which 
may be diawn fiom the table above 

The genual conclusion horn both the leveling and the hHAl observations is Hint , within 
the region examined, them 000 mred no genual of elevation of sufficient magni¬ 

tude to be detected with certainty 

It is an opportune time, at present, on account of local in elevation at various 

benchmarks, to adopt the beet possible da termination of mean eon-level which is avail¬ 
able up to date end to refer all new elevations dateiminsd ainee the to 

dafeum Anomdingly, the leading 8 652 feet (2 7371 matua) ontha tidfrataff at the Pie- 
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sulio, gi\cn in column 5 on page 148 uhich u Uie mean fui Lhe Ihicc coinplclp 
Tonic, May 1,1001, lo Apnl 30, 1007, is adopted as being moan scn-lnvol The \nlucs 
given in column 4 ot the table on pogo 113 aio lofoued to the muling 8 514 foot (2 5051 
me ton) am moan Buirlmol Hence, a ooiiootion of —0138 fooL (—0 0420 inolm) 
sliould be npplicd to these values to obtain the clovntionb uuw adopted as best. 

It ib untulam, Bb alioady indicated in this ropoiL, uhelhoi this collection ol —0 0120 
motel is duo lo lnipiavemonl in the dcloi mi nation of Lho lclatum of mean sea-level to 
the Lule-Htatt oi to a subsidence of Lhe lulu-stall ami adiauenl beiiclt-niaiLs in 1001 oi 
cailici, or lo botli 
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report of the California earthquake couiiihsion 


NOTE OB THE COMPARISON OF THE FAULTS IN THE THREE EARTHQUAKES OF 
MXHD-OWARI, FORMOSA, AID CALIFORNIA 

Hi F Ohoii 

The thiee gicat eailhquakcs of Mino-Owau (Cential Japan) on Octobor 28, 1801, 
ot Kagi lFoiinn-si) on Moich 17,1000, nrnl ot L'alifoinia on 4pul 18, 1000, uoio oodi 
accompanied by the foimation of lemaikahlo giologir.il faults, uhosc total lengths wuc 
about 100, JiO, and 430 kilomctus lespectu ely The dislocation in the Cahtoinia 
eaithquokc wa& fuimed poilly along, anil paill) olt, tlie coast ot Cnliloi nin, bolunging to 
the oategniy ot longitudinal laulta 

Tlie ilislouiLion in the Muio-Onaai and Kagi eaithquakes wcic, on the ollioi hand, 
toimed ncaily at light angles to the couiue of the Main Island (Nippon) and Lhc n\is of 
Foimosa Talarid lespootivcly, bolh belonging to the oategoiy of transveihC fault* 












Fn 13 a —Full lino ii fault (uearlainod) Hrnrird put u depruoed iigion Dotlad lino if piobnble 
continuation ot fault Lightly shukrl put upiimnli pieboblo dipicmion Arrow imhealan tho 
dneolinn of maximum (tibiaUny) motion 

Notwithstanding these diftmcncee, theie aie ceitam sunilaiitice among tlie thico oases 
Thufa, in each of the lhi to emthquakia, the ducction ot motion at diflmont places m tho 
immediate neighboihood of the fault uee not pcipendicular, hut moic ncaily pnmllilj 
to the ebike of the lattoi This seems to mdicato that the foimation of tho faults was 
mainly due, in each caso, not to such actions as a simple falling doun oi eudilcn ci cal ion 
ot a cauty undoigiound, but to the existence of bheuuig slieasee m the piano of fiac- 
tuie possibly of two opposing foices anting eithei hnm the cento ton aid both code of 
the fault-line, oi towaid the cental fiom both ends 
The accompanying figuio is a dingiammatic lllustiation of the tlnee faulle, tho line a& 
inchoating, in each caae, a stiaight line (saj, load) whuh suflcied a shpung movoment in 
eueh a way that the pait 6 on the deponed aide was displaced to the new pomlion V, 
and gcneially tianeloimed mto a ouive 
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Fiom the figuio it will lie seen llml lime existed in each laull what 0103 bo called Un 
cenliul point, nlmc tlio dislui bailee ul tin, giouiul is gu ik.sl and aboul which the shorn 
and depiction along tlio hue ot di-lm. 1 U 011 is muni, ui less synnucli k ul In llic case 
of Llui Mino-Owni 1 cm i.lir|n...i < « |h,> uuiii.d puutl was in Hie \iuiiilv ol the \ lllngo ot 
M 11 lull in tlio NlSo-Valley, wluse a \iiy nsiniik.ilile depiesxion ol llic giuuiul look 
plum Tlio uniLspondiug puinl uii lira PuiiuahA InulL was beLn con Lhu ullagrs ot 
ItisIiD anil KnigenkO In liiu C.ililuiina earthquake Lius 1101 limn ludl ul Lius InulL was 
111 pail uuda llic iKtMii, bul Hie undid |Niinl was proliubly 111 the viuiml) ol Llic 
Tonudus Hay, U 10 giialusl niiiuuiil ol ilistuilnnco Inning warned time 
Tin gmalisl \eilical disluc iliou ol 18 led. olcuuciI 111 the Mino-Owin culliquiko, 
wlnlo tin gieaLnt liuii/nnlal slnai ocouuuil in Hie ('.ililoinin emlluiu'iku In Liu* lnt- 
lei Lhu \ciLieal dibplnccmcul wis only 1 01 12 lcc*L f wlnlo 111 Lin foinni time was also nlnigo 
huiMunLnl hlma ol about IS feet I 111 In him urn unilhquakc, whose magnitude was 
mudi sniiillei than Lin ulliei two, Llic vertical and lum/onlal displacements ol tlio giouiul 
wiiu each ol a muleiaLc ocak 1 ,1 he maximum •unouuls being b niul S leoL luspetLively 
r rin nuLMininn (vibiaLuiO liiolnn 111 tin Mino-Owau earthquake slmwud a IcndctM of 
I icing diioolcd 1 10111 Llic cent ml puniL lowuid each oiul, while, ul cull ot tin l wo olhu 
cnilhqiuikcb, Liu muiip inuliun was, as liu ah etui bo ascot tumid, thus.leil Imuh oin end 
lownid tin center Again, tin dins Lion ul llic maximum (vilualoiy) uniluni was, in 
the Pfiiniosu unilliqiinke, I lie same as llint ol Uie sliriu ol Liu* deputised giouiul T 11 Lin 
Lwo oilier earthquakes, ho worn, Hu ic\ciao won Lin enso These dillcieiucsnie pio'uibly 
duo Lo tin* vniialicm 111 tin lniuinoi ol tin aotiou of Lbo foico along the foull-plnim which 
finally pioduccd tin disloealwiiH 


REVIEW OF SAUEHT FEATURES 

TI11 dilleieulud duqilnoeiinsil ol tin oarLh’H cunt elleeled by U10 nuivtnnoiiL on LI10 
Hnn AiuIichs laull on April 18 , 11 ) 00 , may loi romenuinco lx. ilhuIvixI into Lwo coin- 
INiiuuls, Lite hou/imtal and Llie veilusil 01 Uu ** 1 tin hoiiaunLal movunieiiL won tin 
iiiano iui|NnLanL oiul won Huseeplililc ol uusisun'iiiciiil, giving niiiuiuuiii vnlueu lot Lin 
anuiuiil ol displacement 111 Lius dins Lion pmaLiaally nil along Llio tiuLc ol tin laull, 
uxcapt at tin extreme luirlli and extienu 1 Hmilh Tin min ul nimeiiienL was small uoni- 
paied wiUi Uie lunumilul, and was esLablislusl HallufiiiLui ily only in Liu iQipun lo Llic 
north of Un (iolilon tlnlo 

Two kuulh ol cvuleneo of vei lical (hs]ilaoeineiil woiu avululilc Tin hist of Lhcsi 1 was 
tin lijmiMlmii of SI 111]is ulong llie liiulL-Luico, and llio Hoouiul win the iliango on portions 
ol Uu const of Un le\ul ol Uie laud lelulively lo soa-levd Tin Heai]M Llial appealed us 
loaluroa of Un lault-Liace weie 111 ]wrL Inisli lueuLs when lumn had esisled bufuie Lho 
eaithquako oiul hi [nil accouLuiiLioiis nr odihLioiis Lo ulil Heoi]is due lo format luovonu ills 
In both cooca osacL mcasmonniiLs wine reiuleml chflieulL Iry Llie ding ul Un ami along 
Un rupLura, oiul by tin oomplicuLioii duo lo U10 huger hoiiaonlal inovcmouL Jlul 
making all allowances fui Un masking cJlcct ol ding of Llie soli, iL n aorlaln Lhat U10 hoighL 
of thaw seal pa, 01 ol tin additions to old ouos, wan quite variable, oven in tin some gonoiol 
locality, within a lougu ot a few uudies up Lo alrauL 3 iool IL w suggested Lhot Lhu 
variation is lofomblo 111 co nuclei able inoohuio lo U10 diagand adjustment ot makninh m 
Lho lonfi beneath the sod, so Uiat lho liuo displacement ol Lho firm rooks lies boLween U10 
extiemca obamvod 

The evidonco of vetUcal displacement, bosod on Lho locogniUon of oeups, mdioates a 
di ght upward movaunntof Lho arustol block on lho southwaat aulo of the fault in the 
noi them temloiy. South of Lho OoldonQato then la no vniy oaliafnetory oi eonwtent 
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evidence of difleiential \mtical movement For man} segments of the tault-tiace m this 
legion, theie ia no vuggeetion ot displacement of tins kind In othei poitions, notably 
m the vicinity of Black Mountain and southwaid, the moscment appeals to have bran 
dbtnhutod ma a considmablo lone, with the fbimation ot ninny auxiluiy macks 
Upon the lattei scaipe nine toimed, but than m some cases toeed the noilhensL and m 
otheib the eoutlmoBt, and the lesultant effect n not known Judging horn the localities 
wlieie the movement was not so distubutod, but wo* confined to a nanow 10110 , the 
dificientinl vmtioal displacement was nil 

Similaily, the evidence ot vmtiaal displacement, based on a companion of the 1 dative 
position ol land and sea-levels befoie and eitei the eaithqunke, is bimlcd to the mgion 
noith ot llie Golden Gate The Point Reyes Peninsula appeals, fiom tins class ot evi¬ 
dence, to have been piobably upiaised slightly by the fault movement, but tho evidence 
is not ontu oly conclueive 

Obsei vat ions conducted by the Coast aiul Geodotio Suivey thiuout the you suo- 
ceeding tho eai Lhquake, at the tide-gnga station ncu Foi l Paint m the Golden Gato, show 
that the lelalive level of land and sea at that point is the ssme as it was hcfoiu tho cmlh- 
quake Since this station lice on the noilhcast side of Lhe taull, the obscixalion would 
appeu to indicate that any upwud movement of tho oiustol block on Lhe southwest sulo 
was an absolute one 

The hoiisontol disploeement on the fault, os moaauied on tenon, loads, uid voiioue 
stinctuiBB which oroet the tault-taoee, is also appaienlly quite vuiablc, longing fiom a 
foot or lees up to 20 or 21 feet This vuialion is piobably due to a nunibui ot eausos 
The pumeipel one of these is the foot that the displacement was not always oonfinod to Ilia 
ahnip line upon which an offset eras obsaved at any locality Aiuiluuy macks, div- 
tiibuled ovei a sone not uncommonly a few lmndiod tect wide, took up poitwne of IIio 
displacement; and these auxiliary macks doubllsss escaped cbsoivatiou m nuuiy ansae 
Indeed, owing to the yielding oh&iaolei ot the superficial mantle of sod anil legolith, iL is 
piobahie that many of time uu\iluuy macks dul not appam as lupLuias at tho suifaae 
Besides tliis duUibution of the displacement on auviliaiy maeln satoUibe to Llio nuun 
luptuie, the defoimatian of the giound along the lattei, both eupciffeially and in ile 
deepci poitions, was piobably variable The extent of this dieg is shown m a fow in¬ 
stances thAt have been sueceptible of maesuiement, notably tho fence at FoiL Ross, sui- 
vc}od by Mi E S Larsen, on which a displacement of U feet was dislnbutcd owi a 
distance of 416 feet on tho southwest sulc of the fault-tiace, the roadway nou Pomt 
Reyes Station, when a displacement of 20 or 21 foet was di&tiibuted over 00 feoL, tho 
fonce south of Muuel Rock, suiveyed by Mi II 0 Wood, in uhuih a displacement of 18 
teet was distributed ovci 260 feet on the southwuL side ol the fault-tiace and 40 fooL on 
Lhe northeast eulo, the 3 fences sun eyed by Mi R B S}minglon San Androas 
Lake, one showing a displacement of 10 0 feet, dishibuted ovei mao than 1,100 tact, Liu 
second a displacement of 10 4 feet dmhibutod ovm moie than 300 feet, and the thud a 
dis]jloeement of 12 7 feet distiibutedoxci moie than 2/200 feat, and the tunnel at Wi ight, 
suiveyed by the engmeeis of the Southern Pacific Company, showing a Hisplsmuimnc of 
6 feet distubuted ovm nearly a mile on tho southwest ude ot the lault-tiaeo These 
instances ue doubtless indicative of the genmal chuactm of the ilafui(nation ot the giound 
m tho immediate xiomity of the fault, and aid in undoi standing the isnablo expression of 
the amount of offset at the main fault-tiace The leoogmtion of the diatiibutum of the 
movement on auxiluiy macks, some of which may not have appealed at tho surface, end 
the deformation of the giound along the sone ot luptuie, justifies the conclusion that, 
except under peculiar conditions—such, far example, as m the maish at the hnnH of 
Tommies Bey—the maximum figures obtained tor the displacement by tho measure¬ 
ment of offsets at the suiface must be a minimum expiesaion for the true extent of the 
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moxcmenL in tho film lock's bcbw Foi the middlo hnlt of thoextent or llio f.uilt4inco 
fioni Fuuit Alena to Chyslnl Rpiings Lake, llieso inaxiinal mcnsuicmciits aio \erj com¬ 
monly tiom 16 to Hi lect, and tliawi fnjuies mnv thus Ik? taken as a iiuiiiiuuni cxpicsHinn 
foi llie nmounL ol I lie displacement on Ilia iaulL foi this segmciiL In Llie sou tin m quHitci 
of llio cxLcnL of Llio lault-tiaco, the maximum olivet in iiliout 8 fact, ami Una 1003 * sinu- 
LuL\ be taken as a gcnoial niiuiiuuiii explosion loi llio dispbicmcul on this segment, 
except foi the cxlicniG south end, whole il duu out Tho oniuiiiiL ot displacement at Liu? 
lunlhein oiul ul the Inull has noL been ascci Lamed 

The geodetic lncnsiuomouls ot llio cm 111 movement, as presented in llio papci V} 
Mesbis ITayfnid and Baldwin, aie or cxlieine lnicicsL and loiin one of llie most unpuilnnt 
ronliiliulioiis to llu? study ot llio oniUujuuko Tin evidenco ol displomnciiL obsoivod 
along the faultrtiaoe allouls nicnsuicinenls of tho total iclali\u movement only, wlnlo 
the geodelio wmk gives us on appioxinialo mcnuim ul the alisolulo ino\ cinonl on cilhci 
sub of tho fault, ami tlio dull lbuliun ol the movement away from the fault TI 10 icsullh 
of thu geodetic walk hip not only »L lorlli in ileUul by tho papa of Maona Bay fold mid 
Baldwin, but they aie also ailmiinbly sunimonred, so llmL all tlut soenu naccswuy m lliib 
plaoo in to dioousb veiv lmofiy llicoo insults fioni a gebkigiuil point of view 

A nololdo fcaluio of llio papa is llio dnaova v of a 11101 cuicuL of llio cm ill's a usl which 
aiilcdaleb tho cniUiquiiko ot A]ml 18,1IXN1, and which is lofenuil to lira emllupiako of 
1808, nllho it w locogm/ed Uiat Uiodalo and duialuin of llu movement oaunoL, on llu 
data available, bo positively dclcimined Tnasniuch as llu Lmu of Lliih immanent is left 
an opon question, and w icIcuihI to llu 1 you lMIH hugely na a matLei of oonvempnee in 
diMUMion, it may he ol advantage to lnquue bi icily wliclhcr 01 not it may have some ulhoi 
Hignihcanco 11 inn that of a siuldcn movement occuiiing in Dial you 

Altlu, as aluwu in anotlun pnit ot llus repent, tlio eailliqunko of 1808 was lolaled to a 
lupLuiu or Bonn of lupluios ol Uie giouuil at Llu luiso of Uu lulls 011 tho iimLlioaBL side of 
Kan Fianowo Boy, then* was no ovidcnie ol a huge rolalix e displacement auoh as ocounod 
m 1000 IL srenis leiwuialilo In Miiquw lliaL if Uu* euha movement in quintain had 
ocouucil suddenly 111 Llu* wune way as UuiiL of Aiml 18, J (KM, we should Iiavii had a similar 
mauifcstat un of faulLing williui the n*gum nlleeled Hiuee Llieie was iu auoh niiuulrsla- 
tion Uu lelineiiro of tho oiullei iiuivpiiuiiiL to Uie euitluiunke of 18(18 may ho fairly ques- 
tuinod, aiul anoUiei liyiuUiesoi uiilerlauied to oxphuu it, iHuUouliuly If Lhis liyi wlln ms 
lmnnoulieH 111 sane misideJiibli 1 iiichhiuc with tlu* lesulta of Llie goodotia survey 

Tina liytuUiesis is that llu* enrlln inovenuiil w 110 L immediately 01 orwluavoly ann¬ 
ealed wiUi Uie eullujuake ol IKfiH, lint ih llu* expression uf Uie sliani 111 Uu* eaiLh’s crust 
which led to Uu ruptuio 01 shp ol JOOti and the (oieequiml eailhquako That ruiiture 
prCbUpposoe a condition of Htraln, mid 1 L 18 didioult it not inquMsiliki to emienvo of suoli 
a sudden dim upturn pxecpL an a lelief fioni sliain Much Rlnun involve Uu uloa of iJnw 
chsiilneeinenL, and it a oeruH ol ixiiiiLh lind lieen csLalihslicd in Lha ti*niloiY allacled at 
dilloiout dates, with releioiioo to miiiu luse lxiyoud it, a nu*asuro of Lhls slow duqihuo- 
mont or (a cep of the earUi’a crust migliL have been obtained. 

Tho slmm oulnunaled ui a nlip on an okl 1 upturn ]ilano and may fauly lu supposod 
to have boon mono m ln»i rqinmctncally dwtiiliuted wiUi lofnenoo to that piano, bo that 
whon relief was cttoclod by dip, tho nuvcmoiit mvolvod would be oqual in auuunl on tho 
two Bubo of Uu hnlt. 

Thu hypolhcm and its implications appear to fit fairly wall with tho rosultfl of Uu 
gradetu laainvay, partiauliuly far lliat pen turn of Uu temtoiy wluno Uu aarlia move¬ 
ment can be most BatuhcUaily dirariinitiated horn Uu dhplaeoinont of 1000, For 
exampb m Uu Tamales Bay legion tlieio are ton points, vu Bodega Bead, Toraaloa 
Point, Tomoloi Boy, Footcn, and Pout Boyoa Hill an Uu woat abb of the fault of 1900, 
and Bodojp, Smith, Monhon, Hans, and Hammond on Uu cask at whioh the two move- 
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meats are separated The* stalling are found to have moved in a neatly north dncction 
an aveiage amount of 166 melas in the inteival between “bcfoie 1808" (1S56-1860) 
and "atter 1808" (1S74-1S01J Sinec the values upon which thi*. aveiage n based were 
aiuvcd at ui part b> methods ot inteipoLitun, thcie is no giest vaiulion fiam the avringe 
at any of the ten stations The interval w Ulan n hich this noithcily mo\ cnicut took place 
■lathei lmleteiminate. hut may bo placed douhttully at 32 veois 

Undei the hyjiothcbis heie piescnted this mov ement continued at a piobnbly umfoim 
late for the ne\t 10 yeais up to the tune of theemthqualoof 1006 This would give usa 
total noi thoily movement fin the inteival Eiom 1666-1860 to 1006 of 2 31 metoia Now 
the noitheily component of the combined culia and 1006 movemonts, shown in table 3 
of Hayfcid Baldwin's pspci, is on an aveiage 4 06 msten Im the five stations west 
of the fault-line This includes the sudden movement ot 100b plua tlio slow cicop of 
3 34 meters above deduced The value toi the naitheily component of the euddon mave- 
ment-of those points in 1006 is thus 4 96-334, ot 2 01 meteis Simdsily tlie southerly 
component of tlie combined movements foi the five stations to the east of the fault is 
found to be on the aveiage 0 00 meters The souths ly component ot the sudden move¬ 
ment of 1006 was theicfoie 0 00+2 84, or 2 43 meteis The absolute movement on the 
two sales of the fault on Apiil 18,1006, was thus neatly the same in amount 

The leteicnce ol the cailiei movement to a slow creep thus appeals to humanise mth 
and thmefoie tend* to contain the a prion assumption that the absolute movement of 
1006 should have been the same on both sides of the fault Were data available as to 
the time at which olhei gioups of stations were dcteimined m position, it is probable that 
a similar result would be leached We may consider, therefore, that the eailici move¬ 
ment ie bettm explained on the hypothesn of slow cieep, cantmuing up to Apid 18,1006, 
an the assumption that it occulted at oi about the tune of the euthqualre of 1808 
This conclusion applies to the legion north of San Fiancuco Bey To the south of the 
Bay the data available aie inadequate for a satisfactoiy sepaiation of the two movements, 
except in the ease of Lome Piieta, end hue the earlier movement appears to have been 
southerly 

Anolhm mult of the geodetlo resuivey which pomts to a alow creep of the iqgion 
under etinin prooedent to Apid 18,1006, is the distribution of the displacement on 
that dnto The measurements of the absolute displacement on the two sides of t ho fault 
show that it was notably gicater near the fault than at points remote Irom it Thus 
if wc imagine a seiios of pouite in a stiaight fane transveise to the fault beroie the 
eulhqunlm that hue was so dcfoimcd that,the segment to the west of the fault 
ouivcd noitheily and the segment to the east curved southerly in appioaehmg 
the fault-tiooe This defoimntion ean be most leadily explained by supposing that the 
scuefi of points upon the a%umod stiaight line wme determined as to position in the 
fiist —tMi* upon the suifaoe of a poi tion of the osith undn elastic strein, so that when 
iclief was effocted by luptuie, tlie pomts tended to assume positions relative to one 
anothei which they would have hod if they hod been determined before the advent of the 
BU am 

Itmoybefuithei pointed out that thocomJusum rear hed by Hayford and Baldwin to the 
effect that the absolute movement on the west side of the fault ires on the avetnge 1 wine as 
great as the movement on the east side is founded on the assumption of the stability of 
the bose-lme Diablo-Mocho In view of the unknown extent of the earth movement of 
Apiil IS, 1006, it would seem picforeUe to male the ereumpbon that the relief fiom strain 
was approximately distributed equally on the two sides of the fault and from this infer 
the amount of the southeisteily displacement of Diablo and Mocho The assumption 
that Diablo and Mocho were not affected hy the drstuibance of Apnl IS, 1006, is based 
on the following considerations 
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1 Thcie nns no chango in (lie aiunulh of the Diahlo-Muclio bne 

2 Tlune was no rhongo in the length of lhnl line 

3 Thoie was no appiecuhlo clinngo in the tolalions ol these two *>lulions to ecitain 
othois ncaioi tlie fault 

I Tlie latiluilo ot Ukiah remains lho anino as hefoie tlio enilhqiukc 

Tho hiil thivo of these conditions would be fulfilled il Ihe legion inehuling nil tlie ela¬ 
tion* occupied had turned tu unisni soulliOMlcily with bul hi lie oi no lulaUon, a possi- 
Inhty wlueh it is ihllioull In ileny Tlio lout th consideration docs not pieidudo tint i»»si- 
bility unco Uio amount ot nun cnicnt msolvcd is piohahlv less Ilian the onois of the 
mcLhod used foi the dolpinuiialuni ot Uie Litituile of Ukinh 

In Uio icgrnn alioul Monti iov Day the moil uiLoioslmg fael biought out 1)}' Ihe goodelic 
ipsuivcj is that Uie combined oHccl of thccailun inovcinenl niulthnt of lQOUisasoutheily 
nugialioii of the eiu Ill's nutl on both hulcb ot Iho Man Aivhoau nil ll n piobable fiom 
dnoel olMcivalions ot lclalivo diiphuicinoiil along tho laullrlmee in 1000 llul Ihe aouth- 
wmtcily block moved noiUiwcst as fai a* llioiuplmu ovlundcd If Ihia be accoptod, llicn 
Ihe soullieily ncl moscmenl on llm west eidc ot the couth oiul of the fault m duo to llic 
picdoiiiiiiBiieo ol an ooihei soullieily inovcmcnl This ngiocs with the positive and cei- 
Inin cnihci displacement of Loiua Pnola Arr opting llm noulhoily chniacter of this 
enilie i inovemonl as coiliun, tlicie is toicod upon us tlio leniarkalilo foot tlinl tlm diroo- 
tiou or displacement u lira logum about Monlcicy Hay is llm ravmso of lhnl of Urn oailin 
movoumnl fbi Uio lagion lunth of San Franrisco Bay Tins means that Iho oailun movo- 
ment was disleuuve in chainclci, disjilaung Urn lemtniy lo Urn noiUi of San Fianoisoo 
Bay nmllimlv, aiul lhal to tho south Miulhcily wlulo the vminity of Um Buy lledf was 
Milalivcly nculiol It appeals, inoi cover, lhal llm aouUunly displaoonionl was dilluon- 
liolly diflused, *inoc Iho amounl of displacement of Um aoulh aulo of MonLcrqy Bay was 
notably giualis than thal of Iho noiUi Milo, mulling in a widauiig of the Bay by about 
10 feel 

Sumlaily Uic (hslanee lielwnen TamnliiuH aiul Blank Mountain, both an Iho aamo sulo 
of llm Hon Aiulraa& lift, has Ixhsi men asml by a hke ainonnl Tlie aigmrieaneo or this 
general dihlonslon mvoLvcd hi Uu 1 icvuisul or tlie dueclioii of di-qilnocinenl lo llie noilh 
and aoulh of Han Francisco Bay, aiul of llm dillaenlial rhnincUa of Uus dialcnslon, wiUi- 
out known iupline, al Mnnleiev Bay anil Hon lfauiriM n Bey, cou iml al pirseul l» slated 
The piobHemiiHiiuicspinloiigislhluiIy aiul lepenLed nu'Hsiiienients lo sccuio Uie ncrchHuy 
dala foi a ]no|iei disriifson. Il is ovkIimiI, luiwevcr, lliol wo aio lieio emiltouled with 
some of Iho most lnleiesUng pheiuiineiui in the iiieeliamcs of Um nuUi’H ciust, pliemnneua 
wlueh call foi dehlieialo uiveaUgaliiiii exleiuling lluough yuuie aiul decades aiul uonduolcd 
on a wisely planned inogiam 
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The extent of the movement an the Sen Andi cub fault on Apiil 18,1000, woe measuiod 
impel feetly anil inexactly by ofiaets of fences, linea of tices, toads, pipes, dams, eiccka, 
ahuie line*, etc The dntubution of the displacement in the immediate virinil} of the 
fault, the diag and compiesbion of the soil, the unceitaint} as to the foimai anentalion 
of the lines offset, and othei odveisa oonilitions lendcied the doteiminations uiwalisfac- 
tmy to a ceitom degiee With one exception, the meaemomenta obtained in this way 
aio Buapcetcd of being less than the tiue amount of idative displacement of the Aim locks 
below the surface matoiials 

With the object of obtaining a moie exact muwuiement of any fulnie movements that 
may take place on the same fault, the Gommiseuin earned to be established two sola of 
picia 01 monuments in the Rift, in pioximity to Uie fault-Liace, upon which insliuinontal 
obseivatuma could be obtained aB to the amount of displacement Thu, was not done in 
anticipation ot the leouiicnce of a large movement in the neai futuie, but bocaiisc it 
was suspected that them might be slight movements at the times of minai oaithquakes, 
such oe aie f&uly common Such slight movemente might, in the oouiue of yoais, accu¬ 
mulate to ail impoitant amount, and yet the individual mcicmonts of the displacement 
eaoape notice unless lefined methods of maeaiucment aie lcsoited to It is hoped that 
the establishment of the monuments and the icdctmminatian of then lelativo positions 
bom time to tuno will enable futuie obseivms to ascmtain whothoi oi not thcic ■ a small 
progiessive movoment on the San Andieae fault, in addition to the laigoi movements 
which cause moio \ lolent ceithquakos, such oa thoso of 1857 and 1006 Resides aorvmg 
thia pmpoee, the movomenla will also be useful in any elloil that may be necessary in 
future to dctciminc with procisian the amount of a laiga dibplaccmcnt 
The localities selected foi the pamtaon of the two acts of monumenla oio Olama, Mai m 
County, and Qyatal Spiing, lake, San Mateo County Theao localities aio about 40 
miles apoit on the Rift, end the foult-booe at both was confined to a veiy naiiow aono 
in 1006, thus pmmitting tho puns to bo mac doBcly giaupod than at many othoi localiliaa 
which foi otha isaaone might have been ohoeon 
Each uet of monumanta consists of foui concrete pun, established two on inch ado 
ot tho fault-Uace of 1000 They aie sunk in the giound to a depth of about 0 feel, and 
aie founded cithci upon lock oi upon a fhm ll haid-pan >> aiiang from the docompomtum 
of tho undalying rocks They use hem 2 to 3 feet above tho suiioundmg surface Tho 
Cbtabhbhment of the pieib at Olema was intiuated to Mr A J Champioux, of tho Astro¬ 
nomical Depai bmont of the Univanty of Celifbinia, end then at Ckyatal Spungs Tjtim 
wcic set in place by the offiems of the Spimg Valloy Watci Company, under the dueebon 
of its chief engmcci, Mi Hoimann Sohuadcr, who \ciy kindly idievcd tho Commission 
of any expense connected with the opeialuin The puns at Olema arc 18 inches squaic 
in ciom-scctum, while those atCiyxtalSpimgs lake arc 18 mdi— aquaic To the summit 
of each of the pun is fixed a thick hionse plate 13 indies aquaie, with suitable appliances 
fa lccemng a selected inatiument m a constant position fa bucccssivo measurements, 
anil a dovico foi dctei mining a fixed pant to which to measuie This plato a protected 
by a heavy iron cap, 14 6 x 14 5 inches, loekt upon it, beaung the msmipUon 

^BEIC 

■rttomah 

1006 

The metiument selected far the first end subsequent mesainaments ■ a 10-inch alt- 
aumuth, the property of the Umvmsity of Cahfomia, and the key of tho protecting caps 
is at piesent in the safe keeping of tho same institution 
1M 
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In oulei to londm the monument* Ihtu established available foi future m«wula¬ 
ments of di&placcmonl, it was noccauzy to havo then picsonl tclalivo positions established 
with pirriMon This wink was vciy kimlly umloiLuken loi llio Commission by Mi B A 
Baud, Awstont, Coast and Goodotic buivoy, a lopoil ham whom follows, setting foilh 
his molliods and icsulls 

RELATIVE POSITIONS OF THE M0EU1KEHTS 
111 II A Daihd 


1 


Daaip/ion of moiiiimrnli —Tho monumcntB ul Olema uie on Mi Rtunnel's innoh, 
just u little noilh oL llio dwolhng-houw The twn piois west ot the fnull-liace are m an 
nieluud on level mound, but tho othoi two, which aie just oast of the mid, aie on a hill¬ 
side, Llio noiLhoiisl monumont being 
about IS fool higliei tlian nn> of t 

tho olhois In oidci to measure \ \ 

and obsmvo liotween thonoilhwobl » > 

monumont and tho southousl mon¬ 
ument, u liench about 8 foot deep 
had to bo dug tluu llio embank- Mwmm » 

monls on both sides of thaiood and 
somewhat into the Liavoled portion 
os well Borne (leaiuig of biusli 
was noreuaiy m oidoi to make 
tho noilhoeat monumont and tho 
southwest monumont min visible 
The relative positions of tho foui 
monuments are sliown in tho dia- 

S am, Ag 44 The longtha of the 
tee lioavy linos wore dolermuiod 
liy moamiramont Tho xnauuie- 
nienls of tho othm Uiieo hnos were 
oonsidomd improolinabla, on ar- 
enunl of Uio gieat height of the 
noitboasl monumont above llio 
nlhon, as coinpoiod with tho slioil 
distances belwron thorn and it 
liy means of llio three moaeuiod 
linos, however, a double dotann- 
nalion is obtained, I luu the ob- 
soivod angles, of oach of tho thieo 
linos not lnonsuiod by Iho atool tape 
The lines wore cloaiod suUlcionlly 
so that all four of tho monumonla 
could be occupied with a Lhoodolilo, 
and then all of tho hnos wore ob¬ 
served, including the diagonals In _ 

oidoi that future movements may rui 41 -MonuninuaLOian 

be readily dotootod by means of ot 

oorvod angles, the oentenng of tho instiumonl woa aonsideiod to be of tho greatest impor¬ 
tance, especially for such very short lines as there A bronso plate had boon constructed and 
not un p.n nodi monument-.. eonaeiallv deal mod for BUDDortilUC in poailion the Fauth 10-inon 


of the plate ia diewn in Ag 47, end the iran cap whioh proteots the plate whan the spindle 
ib removed ia shown in Ag 46 Hofaning to the eketdh of the plataifwill hereon that there 
ora three lure, or foot-platas, standing upon end attached to ft In one is a groove (vertex 
of angle at bottom), and in one a hole (inverted oane), while the third, hee simply a smooth 
suifaoe This arrangement prevents any binding of the foot-screws of tho instrument, and 
insures that it will always be set in tho same position in suooereive measurements. 
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To doubly injure thn, one of the lugs is marked to cm- 
reepnnd with a particular support of tho theodolite, the 
coiiespaoding support being similarly mailced Thu 
aiiangemenl iurtnei invuies that even tho the rontei of 
the initiument does not coneapnnd exact lj with that of 
the point observed upon ifoi each monumont), thua pre¬ 
venting 1 dosing ot the tuonglee si l thin the accuinry at 
ohmivntion (that u, that the sum of the 8 angles of each 
tuangle should equal 180*0, the angles obtained mil still 
era respond with each other in ouccesane obseivaLions 
mthin the limit of obaen itional enois 
Foi ol netting upon, and also tai lefoienco points in the 
base measuiemonts, a spindle has bean const meted lor 
each plate This spindle seiews into u cup-likc piojee- 
tion tastened upon the plate toi a eentei-imuk Each 
spindle isnumbeied to conespond with a pai lieului monu¬ 
ment, the eon expanding number being upon tho plute 
Up to i di'tunco ot about 2(J0 teet flieso spindles make 
excellent objerts to obsei ve upon, pros ideri tneie is a suit¬ 
able backgiound A lurkgiound that can not bo surpass 
is readily mode bv plopping up behind the spindle the 
block iron cap which caveis and protects the plate when 
not m use when Die distances aie gieatei than about 
200 feet, as is the case with the longei lines at Cr>stal 
tipungs, the best object to oboeive upon eon be made by 
whittling tho end of a lead pencil to fit into 
the cup and then mapping tho pencil with a 
little white cloth In this ease the bacL- 
giaund should be tho same as bcfoie In 
any event, if tape measuiemenls aie con¬ 
templated, tho spindles should be taken 
along, in order that they may be used as 
reference mailcs in those measurements 
Lewehnq recoid —In tho following tabu¬ 
lation, 5 IT p means tho top of the branra 
plate on the southwest monument, along¬ 
side tho spindle bowl oi cup near the ren¬ 
ter A couespondmg pant was taken on each monument to show the relutive elevations 
to be retained for future refdieuce 
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5 IT s le the top soi fare of tho spindle hub, sorewed into the socket, made tor marking 
tho aentei on the same plate The to panto were taken to show diffeiencos of elevation u 
pants used m tho tape measures in the bosp-lines, and ue of no vnhie beiond this 
hi computing the elevations, the top ot the sou the a, t monument was urbitiaiily lakon as 
10 feet, and tho other elevntiaob aie era meted to amevpond with this datum plane 
The spindle bon I is not in the oentei of the plate, owing to the position of the lugs, so that 
the pant leveled upon representing the level of tho plate i* on the side of tho spindle bowl 
next to tho center of the plate 

Tho level used was u Troughtcn and Simms dumpy level with compass attachment 
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Tho 1 dative devotions of tlio toui monument'., takuig the ocnlei of Uic plate in aach 
oom), me as follows 

IFff 

Southwest monumml hwiul) 10 000 

Noithwcst muniiminl BOOB 

Nai IIicbiI immuincnl 26 877 

Baulluaal mnrnimcnt 11800 

Base-fine mtaaun — R \ Baud in rhaige, leading ism and of tapo and lecoidmg 
R R Hedgei, foie aid cml ol tana end ic.idmg Iheimometoi Chailes E\nns (Inboieij, 
steadying bpung balance nlItched to end ot tnpo and watching tonsion of 10 6 lb* The 
tape lined, a KKMoot steel Lnpc, G M Hildv and Co , Catidngue No 70S, win stamped on 
icd fl No 1" fm ldonlihraLiim in luluic uso lit width ta 0 372 inch, iLs llnckneBb 0 010 
inch, and its weight pei fool H 8d24 giums oi 0 00S4S lb This tapo, on May 1, was eom- 
pnini with the biandmd tape nl tho Umvpitily of Cnhlmnia, a lone let cl btictch on the 
"blpadhon" being u*cd Loi Lite puipthc Tlic sluiwlnid tension of 106 lbe was ndopted, 
and nn dilloienco m Uie lengths of the lapis could be detailed 
The sLnndaid tape, N B H No 8, ib inaiked only at aeio and 100 tccl The companions 
woie inado between llicse maiks, nnd the equality ol /eio to SO foci and 60 to 100 net woe 
manbiuod on tho tapo usod m tho baso-mciuuitsi, then* being no ineasuinblo diflcicnuo 
Tho constants of the standaid lain, N B3 No 8, me TonipeiaLuio of obseivataon, 
M 0° F , Tope suppoitad lliiuoul ontue length, tension, 10 6 lb* atoiidupois, iexulting 
vuluos of aporee ul b‘2° F, assuming roodicicut of o\pansum ■■ 0 0000068 pci dogiee F me 
/eio to 100 fool — 100 tool 0 00 melt 


rauKULB vmd aoNsrvMn inro in Dasr-uirn cohptjtationb 


Coiraelion 


Goiioakon 


Correction 


for Level —(f-jj-j. "heic 

h ■ iliQoioneo of oles ution uf ondb uT tape. 

d ■■ distance between minput In 

foi Teiiipoi aluie =■ —l (T—Qc, wlieie 

/ ■■ length of lino onnoctnl loi 

T — atanilmd loni|ioratuio = 68° F 

t ■■ moan lompriniuie of tnpo 

a ■ ooofliruml of expansion ■ 0 0000008 par degiao F. 

foi Sng — £ (jfj, wlieie 

in ■■ woighl of tnpo jku fool ■= 0 OOR45 lb pot tool 
P ■■ standaid tension al 10 6 IIis, Lha samn nn utod in maaeuioe. 
d and l same u above 


From the above, ^JJ'J^-OOtnOOOOWOO 

The correction foi niiff, aooounting fm elasticity of tape, is not nooeesmy, euifle tho stand- 
aid tension wee uaoa m tho measuias 

MwioIih —In taking the measuiomenls, tho cenloi of tiio epindla, flimly ecrawod 
into the cup on the bronie plate, as shown m tho diagiain, flg 47, was the lalcionoo mmk on 
the monuments 


The ordinary correction for level, is not mflloiently accurate when the dilTeroncce aie 

large, end a aeaond coireotlon has been ollowod foi In tho ronecboni at Ciyital Springs, 
even thud appitm motions me neceuaiy 
The oompated vehm of the measured hnea me aammanied oi followi 


[Oompulad lengths of buss (feel) ] 


HT to8W Hon 
IW toSB Hon 
BE toBW Hon 


1101688 

1806BB0 

706726 


1106116 
120 6876 
79 8786 


Ham 

110 612 
120 686 
70878 
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CBlsmi, SPRINOH Lvxn 

Description of ituhona —Those monument an about 7 miles noilhwost ot Hin Mateo 
on the eastern shoie ot Ci vital Hpunn Lake, the leseivou or tho Spnng \ alley Wales 
Company The location is about a mile souiheoL ot Cunp Siwjei, which h on lira we-a 
aide of the lake at a point wheie the lake in veiy natiow and is spanned by a budge, close in 
tho notthoin end 



Fta 18 — if——f M f.l)*l i«iw 

As will be eeen from the leveling record, and hem the accompanying lough sketch, fig 
4B, tiie giound is very uneven, aim the measurement of a baae-lme was executed undot 
considerable difficulty Tho hna measured, nhich wo tho only practicable one, crosses two 
ravines and como up toward the southeast monument, os er u vmy eteep i oad ombankmenl 
Considerable clearing of brush wo necessary in order to cron tho ratine near tho noilhwost 
monument On account of the large diffeienca of level between the base-lino stakes in 
some piano, the leveling had to be done with extreme care, these being at one plane a iiso 
of 11 o feet in 60 feet, and, next to the road embankment, a no of about 0 feet in 20 feet 
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The plain, spindle*, und caps an the eauie as then dcbciihed undn "Dobcuplion of 
Mniuimmlb 1 at Olema The distances between those stations boing too grail to obanve 
upon lhe spindlm with ud vantage, penmls woie wiupl wiLh whito doth und nel in tlio spindle 
cupa upon Lhe plitCb, the bion/c protecting eapu being lued fui background, aa in the Olema 
me isuiemonl* 

/iau^iki MfNHift — The slakas, made long enough to Btand above the glass, were bned 
in with the nlt-HMiniutli uihtaumcnl, and lo avoid Lhe posibility of enois they wore all 
liuuibaicd un lop with a bluo oiayon Tho alaLaa wore made oT redwood, und too method 
of inaiking wim lo *Luk a pin straight down in the top of each ul Urn maikmg edge of Lho 
tapo The tape used was mailed lo hundredths of feet the entire length, the ihouaandthb 
being animated The nicasuiemonlu woie so taken ua to avoid eetamating lho IhouanndUib, 
cvanling on Lhe Iasi manure, the mark being uibilmnly placed at tho nearest convenient 
tenth nf a foot on the top ot eaeli foiwuid atilu 

Ah the diunclei of lira pins usod woe almost exactly tho eamo aa Lho width of tho 01-foot 
maikb on tlie tape, tho niaiLing could ho done with eneplionui ancillary, especially by 
holding lho aye auutlyovci Lhe mark in auoh u way that llune would be no patalla'c Tho 
sptmg oalanra wav fastened to tho forwaul end of Lho tope, and aLoadicd by means of a coid 
looped bo aa to slip up and down on u polo, held by a man who at Lhe tamo tamo walehed 
I lie tension To avoid uny pulling against the bLaLqh, the height of the tape wus legulnlad 
by means nl tlio lna]i so Uh juuL to giaae Lira Lop of Lho Blake All Lhe maikmg woe done 
ul lira toiwaid and ul lira tape, Ura oflicer in rhaige nl the ieai end aimply steadying on Lhe 
ninik of lho previous meusuio and than loading the tape 

Tho lengths of the huso joining lira aoullunal and noiltiwohl monumanl lcaulling tiom Lhe 
moaauionrants are Lira Lnflowmg 

Four 

1 list inm-wi n H57 MUO 

bLHiiul mi Rsum H67 7QH8 

limn H67 800 


JhlnlwdnahMi —11; nirana of prense leveling the lelntive elevutionn of lira foui 
fixed moiiuments, tukmg llie eonUn of lira lop of lira Inonro plalo in oaLh ease, weie 
found lo bo as follows 

Vhm 

Nui IhwaL mnnumniL (mumrd) BO 000 

NmiIh nil numuiiiaiL HO BIS 

tbulbiwl nuinunumt 76 7H7 

bouUiWLsl nuniumanl 40 113 


Method qfobmvinq aagfav —The lnalnimonfe uaod was a UMuh alt-aemulh Uieoilolilo, 
cat tying two micioinolen 180° uparl JCoeh mieromcler heed u divided lo represent soo- 
onds ot uio, enabling lhe olisorver lo oslnnato to lenlha of aeaonde of are al aaeh loading 
In taking lhe ohooivalians, oaoli mioronwlor was road lo aotreapond with two oonaaeatavo 
5-nunute divisions, one being book of lhe refonmoo mark and ono in front Tho conoi- 
Lioaa loi "iun" ul each Hlalion won Imod upon lho obamvaboiui Ihomrolvni, Lho menu of 
nil obacivations al lho fltal two monumonla bomg lakon both at Olama and al OrysLal 
Hpungs In oidei to cLumnaLo all parotide inalruineninl enora, lho obemvaliona woie, in 
gnnoial, lakon in foui mis, having for lhe imliul reading of aaeli rot, 0°, 00 s , 45°, und 135°, 
respectively, making foi Lhe rovenal of lho tolaecqpo, wilhonl rhanging Uio rotting of tho 
circle, the couobporuliiig raidings of 180°, 270 s , 225°, and 815° 

Thus, upon aaoh station than wen eight pointings of the instrument, ropraronting eight 
poibons of the cuole equally divided Bmae for oaoh of then pointings then aie two 
miciomelais, each gi\ing two loadings of the throad, than won in reality 12 mioiomotoi 
readings foi each observed station The ubovn statements apply folly d Crystal Springs, 
but ut Olema one micrometer waa not in condition to ase, ao that tho Olema observations, 
while constituting the samo number of taloaeopo pointings, rep resent for eeeh obeorved itor 
taon but 10 micrometer leedmp 

At Olema, on account of the vwy small diatanero between the moonmenta, large ahangro 
uf focus were nscessary for the different panUngs Una, eombmed with the lugs differ- 
ences of elevation, and lack of perfect centering of the hutrument oa the plotaa to oorreapond 
with the position* of the spindlee, p revented the taianglei from ekramg to a vary high degree 
of accuracy Bull, when these diaorepaneraa on reduead to emne of distance, they become 
praebooDy inappreciable 
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At Crystal Springs, when the lines eie much kiogri. the closing ot the triangles was veiy 
good The correction foi each angle, in oidei to make the sum ot Lho angles of each tri¬ 
angle equal to 180°, wee on the avenge only about one second ot big Una goes to indieale 
that this ln&Lrumpnt, when piopeily used, is capableof evcdlent lcsults AtCiystal dpiings 
a least squnie induction of the observations has been made, but tho angles and distances 
thus computed aie almost identical with those ot the onguul computation 

At Olema, whaie tho three lines having the host differences of lei el were meosuied, the 
diagonal between the nmthwest monument and the southeast monument (being beet suited 
fm computation) wa* taken as a hose foi computing the othei Ino measuien sides The 
means of the computed and measured distances at these two sides, tugelhci with the duect 
measuie of the above-mentioned diagonal, were taken as the besL measures foi computing 
the unmeasured sides The lengths at tho thice unmensuied sides, Llieietoie, depend not 
only upon the obieived angles, but upon the lengths ot the three hues, os indicated above 
This method gives the measured distances and obseiied angles about equal weight, the 
angles being con acted foi each mangle ucoiding to what is known os the 11 hola adjust¬ 
ment " As above noted, honevn, it is icij doubtful it tho angles are entitled to as much 
weight on the measured distances, and hence, it was riacidrd to retain tho exact valum ot 
the thiee measured distances, uul make a least square 11 adjustment of tho angles of the 
quadtilatetal to coiiespond 

The thiee measured sides being assumed os fixed, the three angles of tho tnanglo N W 
Hon, B E Hon, S W Hon, can each have but one value, and then vuluoa have been com¬ 
puted tiom tho thiee sides These thiee sides und the caiiespcnding angles remaining fixed, 
an adjustment is made between tho remaining angles and the thiee unmeasured Biden, mi 
os to tulhll all the geometiical conditions, gi\ mg ut the same tune the most piobable vulues, 
acooiding to the tneoiy at "least squares 11 

Abaliaeta qf hoi izonlal mglm — In tho absliicts of honsantal angles tabululcd below, 
the lint set ot angles given undei the heading 11 Observed 11 are the mean* ol angles taken 
directly from the oiiginal iccoida The column headed "Field Adjustment 11 mows lho 
angles oa they appeal m the field computations alter the angles of each I nangle have boon 
oorreotod to sum up 180°, giving the aeme coi reclaim to eocn angle in u puitioulai tiiangle 
This adjustment, which ia the usual one made in the oiigual compulations, does not account 
for tho other geometiioal conditions tequued foi the ujgid solution ot u qundnlatenil, but 
when the enom m the angles ate small, tho reudlnnl distances, especially it shoit, will be 
very near the truth The column headed "LeasL Square Adjustment 11 shows tho uogles 
oomputod io os to fulfill all the geomatiieal conditions, giving then moat piobable Yefims 
according to the theory of "least equates 11 

In future measurements, it will not bo neceMiy to repeal the basc-mcnsuieniontB unless 
the angles show some change, fm by occupying ail the stations, any chango that oould be 
detected by tape maasuiemenl will at once uios in tho angles When, however, the angles 
indicate any change, then a leincuuiemani ol at loast one line will be necessary. 
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IS0SBSKAL8: DISTRIBUTION OF APPARENT INTENSITY. 


HTRODUCTOBT 

In the study of earthquakes the dbtiibution of the intensity of the shock ovei the legion 
affected ib usually an important put of the investigation The intensity u infened, as a 
rule, fiom the zeoarde of inehuments aatablibhod for the puipne, aiul from the cltect 
upon persons, loose objects, and atnioturae In the region affected Apiil IB, 1000, how¬ 
ever, BBiamogtaph lnetiumonta wen vuy few, and the distribution of the intensity of the 
bhoclc has been determined loigely by the efieota noted Thart efiects me giodcd in 
venous oonvement scales and the gradation of intensity is indicated upon maps in the 
fonn of lines or euivna, known aa noscianial ourves, which evpiesa, aa well as the data 
available will permit, aonea or bolts of equal intensity more 01 1m oonoentno to the point 
or line above the seat of distuibanco The purpose of plotting such teoarhinal ouivcs 
is to locate approximately that portion of the outh’s auiface immediately above the scat 
of the disturbance In a dmuasion of the ideal ease, the lattu ib supposed to he a point 
or centrum, and the piano above it at the buifaoe ib rallod the epuenbum The inoiee&e 
in our knowledge of earthquakea in recent yean has, howevei, mode it cleoi that the teat 
of distiiibance ib luely if ever a punt, but a usually distributed cnei a plane of mptuio 
in tho eat th'e ciuat When this plane of rupture ib of small extent, aa fi equently happen*, 
the teiminology ib httle affected by the we of the expressions centrum and epuenbum 
m the disouasion of the phenomena, but where, aa in the larger eaithqunkes, the pin"* 
upon whioh movement in the earth's crust takas plane has a gieat honaontal extont, 
then these turns become nuanoraen and tend to ohMure the faebs In the piesont ease 
the inappiopnaleneas of the terms cmAiim and epuentnan is glumgl} Apparent and they 
will, therefore, be avoided in this dweuNon 

In the case of the California wtliqiMfcw, the plotting of meismal ouvn foi the pui- 
poae of diaoovu ing the region on the aurfeeo above the seat of the distui bance is in a luge 
measure obviated fay the foot that the rupture in the euth's owl b levealeil at the sui- 
faee in the farm of a fault traceable pi actually eontinnoudy foi 100 miles, and piobably 
continuously for 270miloa This fault is undoubtedly the pnncipol seat of the movement 
whioh caused the earthquake Notwithstandmg this fact, Ihe study of the diabibutiou 
of intensity u a matter of nnpnrtanne It ia highly doarable, where the plane of luptuie 
is open to the surface and ita trace ia definitely aseertuned, to plot the wnMimwi cm ves, 
ainoe their diapoution under these emumataiieea may dluminats the genual method of 
detei mining the pomtion of a deep aoated fault which eauaea an earthquake, but is not 
appuent at the surface It may at least contribute to a definition of the limitations of 
the method 

It is, moreover, dawimMe that the distribution of the intensity of the shook should be 
determined as accurately aa possible, since we eaa not safely assume that the wim fault, 
which appears as a rupture of the earth’s crust from Sen Benito County to HiimhnMt 
County, ib the only one which ooeuired on the monung of April 18 Indeed there are 
a priori grounda far believing that more than one dialoeabon of the ear th’e cniat occuiml 
at the tune of this great disturbance of the equilibrium of the shews within it If, in a 
region where streeaes have accumulated to nearly {he snapping point, a mptuie is sud¬ 
denly effected m one plaoe, it aaeme probable that {he jar thus generated might precipi¬ 
tate i upturns in neighboring parte of the region mwW sunilarly high strsaeni It appeals, 
therefore, to be highly deeirable to plot the gredatiaw of intensity foi the region affected, 
not to discover the trece of the mam fault, whioh a well known, but to see if such grada¬ 
tions indicate auxiliary foulte in neighboring temtory which did not appear ms i upturn 




of the shock weio baeod thereon The stoppage of aloaka appears to be a vary uncertain 
cnti non of intin«itv In the Oth, 7th, 8th, mid 0th dogreoe of the Mile, wh awn damagB 
tu building i» if I icd upon far an flatmate of the in tena i ty, two important factors tend to 
vitiate the ooneluBunu arrived at aa to the comparative intensity These are (1) the 
greet variability of the oharechr of the atrueturas and (?) the ehanetar of the ground 
npon which they are built The acale waa probafaty designed anpnally far iqpona when 
buck and maaanry structures prevail, while in California wooden atmetaras are by far 
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tho most common The lallu, by leoson of then gieater elasticity, aie usually much 
bLtta adaptod to withstand the wiockmg mo\ emeut ol an earthquake shock Ilian aie 
faiiok and masoniy walls The intensity, as mleiied hom a legion ot wooden buildings, 
would, (Jieiefoie, m gcneinl appeal to be less tlum that toi a legion of buck a lnasoniy 
sbuetuies Eton among the lattei, and among the buck ihimnub of wooden houses, 
wludi weie so gunoi ally used as indicatoia ot intensity, Iheie is gieet suialion in slionglh 
duo to the vauation chiefly in the chniactsi of the moitai used m then constiuclioii 

Along u\ei bottoms and on valley Hoots, poitiouLuly whrae tho giouiul water is 
abundant, btiuotmcs wciu much mate susceptible to damage than sunilai sliuctuics 
loundod on the firm locks ol the valley slopes This appaiently high intensity of tho 
shuck in the valley lands was m put due to an actual dumping ot the giouiul, which 
wiaoked the buildings independently ol any elastic vibiatum communicated to thorn 
tiom the giournl 

finally, m giadc X of the scale, flmuicb in the giound ue token ae a euteuon of the 
lugfieM grade of intensity, when in icnhty such fissuie* have undei difteiant conditions 
say different values hom this point of uew The fissmee which extend down into the 
emth's ciuet, and uu duo to its actual luptuie on a fault-plane, ue of oouisc bigiuhcuil 
ot tho highest degiee of datuibailee usually' expeuenced in cuthquakiw, but those uacks 
and fiaeuies which ocoui m \ alley bottoms, due to tho slumping ot sott matciud lowud 
tlie aticam tiondh, 01 those oiocks which ue associated with landslides, in thoso cases 
Wlicie the landslide woe imminent and was maiely piecipilaterl by theeuth joi, aie supa- 
ficial phenomena and do not nccessaiily indicate so high a ilegiee ot intensity e* that 
maiked X on the scale It thaetme hecomeb neeessuy to disouminate such flsbinas, 
and this was not always done in theicpoite sent in to the Commission 

These vuious impmfeclions m the eulc used fm gieding the intenutiee would of com sc 
be minimised if tho antne field weie examined end icpoited upon by one ob»ci vm The 
peisonal equation would m that case, fm piaetioal pupates, be oonslant But when 
the observations was mule o\ u so vest a field by a gieat numbei of peibous, so divmeely 
qualified foi the woik, the mime ue neceaauily numerous 

Added to this me the Luge gape in the lecoids, due to the scant population in tho nunc 
mountainous puts of the iqgion ailected In these thinly populated liecla, thcic n not 
only on absence ol mdi\ uluol observations at the tune of the eerthquako, but also a lock 
of stiuotuies which would leveal to eubsoquont examination the effect* of the nhnek 

It will thus be apparent that any eftoil to map thedietaibutum of the inlonutv of the 
euthquake oon only yield lough appiuxunatione to the actual facte Yet such approxi¬ 
mations have then value, end the Commission hoe not been diecouiaged by the impeitce- 
Lionb of the method from applying it to the full extent peumssible under the euoum- 
etonees The 1 unfits aie given giephically on the wwpiamai map whioh accompanies 
thislepoit (Map No S3) 

In compiling this map, it has been found beet to plot the intensities upon the bene 
of a literal intei pi elation of the Roau-FoieL ecole, ue regaids domage to stiucluicb It 
lesultb hom this that in the iivm bottom the eui\os lepicsent sonec of equal destructive 
sheets, but not necessuily sones ot equal intensity, inteiproted m teroib of 
ot the vibiatoiy mosement of the outh In them tracts we an eonfiontod with the 
question as to wliethei the locally high dcstmotive effects wme wholly due to the char¬ 
acter of the giound, as in put they cmtainly wme, m whether theeo may not be esciibcd 
in part to local auxiluny faults m the earth's orust which did not appeal ae 1 upturn at 
the euifaeo Thb question wifi receive special aonsiduation m the sequel, when the 
foots have been mono fully set forth 

It in now proposed to describe eomewhat in detail the effects of the earthquake which 
serve ee the bene of the MoeeiBmal map, fwp n nmj at the north mul png untinwiy 
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SOUTHERN OREGON 

Tlic most noilhcilv point on lhe coast foi which wc liave a lccoul of the aaithqunke 
shock having bean felt on the morning of Apul 18 was at Coquilln, Oicgon lime Mi 
E 8 Lnisen icpoxta that Judge Hulockoi was awakened bj tlic shock at about 6 o'clock 
Mi Wilson oiul his wife who awakened and noticed tlic and ot an olcctiic lamp bringing 
cast and vast The legulatoi in Mi Wilson’s jcwcliy btoio, lacing oast, slopt OUims 
weie awakened Mi Luncn also lopoits that tho aliock was felt at Bandon, and that 
at Koib) some olaim to have fell it 

At Williams soma alcopas wcio awakenod At Glendale Lliu shock was felt by 
about 10 pm cent or tlic people Repents have been iccoisod liom Nclialem, Teller 
inook, Newpoit, Salem, Gudimn, Dinin, and Eugene to tho oltoct that tho shock was 
not tdt At Foil Oiloid a slight ticmoi was f( ll 
Inland fiom the ooast the fallowing obsmvations bjb repotted Mi G A Waiing 
At Giant’s Pass tho bhock was slightly toll At Modfriid a low people felt it, and ono 
woman was awakened by a slight swinging ol tho paitly open dooi At Ashland the 
bhock was lightly fdt and the iullui spiingb nuoily doubled Llicn How fm 24 horns, and 
then slowly lelmncd to nounal oondilion A Tew pooplc in Klamath Falla claim to liave 
fdt the vibiation, but no docks in a jewoh} stme wcio stopt In Inngoll'i Valley low, 
d any, fdt the shock, but wain in an oasUweal tiough was noticed nun mg slowly liom 
end to end liom two dillncnt somccs it was uprated that at Memll tlic shock was 
distinctly Tdl, and two olil buildings in this placo aie haul to have bean aliahon down 
It was lopoited Uiat tlio shock was fdt in Blow's Valloy, lmt Lite peoplo at tlic stage ata- 
tion thcic did not feel it tun know of any one in tho ialley wlra did. At Lakovicw a 
aeconda-ponddum clook faerng south m a jewclm's stoio alopt The dook wna about 
half l un down, it boing nooi tlic middle of tlio week Tlic jowclci says it had ncvoi atopL 
bofoia One othra dock, a apiing one, was lepmUsl to have slopt m tlm town, ami two 
oi tlucc peoplo elainied to have toll, the vilnulion Mi Wanng could not, liowovm, find 
any of Hum people At PSudry no sliock wan noticed mi Apul 18, lmt mi Thuiadny, 
Apul 10, about 1" 80“ a u, a lieimn was felt, hliong enough to gcncinUy awaken people, 
and duung tlio nc\l hour ami a half tlucc main shocks weio fell CnimidmaUc incite¬ 
ment was caused, sonic imiiiiIc going oul-ol-doois ami one mllici ileliealc woman being 
nude sick But no doubt the Tad that ncwH of the Ban Fibiiohco di-uslor reached line 
late tlic picvious altcinoon gicnlly mmcHHcd tho mitioo paul to tliwo vilnaLions Mi 
Wanng could lcai n of no i locks being slopt, the only mntei ml cyuIciioc licing tlio shaking 
of a lamp fi am tho odgo ol an unsteady cenlei Inlile ]£nqun y foiled to climl any e\ ulence 
of a Bhock liavuig boon fell at Bly, Bonanra, Bummer Lake P O, oi Bilvci Lako 
Mi Wanng clous Ins iqx»L with tlio Idlowing gonerul alalcmonl 

Jiidguw fiom all I aould loam, I think ovoi mast of south eential Oiegon tho vibiation 
was haidjy perceptible to people awake At Paisloy and at Men ill strongai ehocka woiefeli 
The shock at Paisley wnajpoauliu in being oarly Thuieday morning, Apul IB, a soil of “sym- 

K thotio" bhock No ufoimation eamwimng the Linio of tho shock at Man ill was obtained, 
11 think it woe on Wednesday momma at tho lima of the gnat quako The neuter 
intensity of shook at these two placm is pauiape duo to tho undeilyuig formation Paisley 
is built onmergioundaL the edge ot the Chewancsii Marsh Merrill has in or neat Inngalfi 
Volley, by Last Rivet, which hue sinks and flows thro swampy land m soveial places 

KLAMATH MOUNTAINS AND NO R T HE ASTERN CAUFURNIA 
Cnacmt City, DA Norte County (Geoige Bail well) —The eorthqusko was felt as a 
northerly and southerly temblor lasting about 5 with a short intermission. 

Sevaol pendulum regulator stopt la the eastmly poition of the town the inter lu 
a mdtpond was noticed to surge back and forth, disturbing the logs The ground m the 
vicinity is of a spungy natuie On the morning of Apul 23 another shock was felt, and 
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ispoited by soma to be more severe than that of April 10 But Mi Sait well, bating 
e\pciienced both dtooka, ib of the opinion that thr shock of Apiil 18 was Lhc heavier 
The ihock of Apnl 23 was westoily and ooataily, and a lrgulilui clock in the sliop of 
D S Saitwell, watchmaker, that stopt on Apiil 18, was not etopL on Apnl 23 The 
Mime notion took place m the null-pond as on the 18th Uknj people felt nsitlici shock 
Each time time was a rwituin foi a few moments of the suil beating on the Jioie 
Klamath, Humboldt County (C H Johnson) —There weie two shooks, tho fh*l being 
the hardest, and the direction of movement fiom east to west The fiibt movement 
seemed to litt up, the —""l to settle back and shake No objects weio tin own down 
Plot A 8 report* that at Tiinulad a bovbib shaking up was experienced, 

but tho shock, according to the RbidcntB of the place, did no i lain age 
Mi P L Young, M E, who was in Eureka on the morning of Apiil 18, shoiLly aftei- 
waid tiavoled thru a prat ion of the Klamath Mountains He lopoits dial the shook 
nos felt at Aicala, Blue lake, ami up Redwood Creek to Howtu'a On the Bald Hill*, 
at an altitude of 3,300 feet, the shock was lieavy At Mai tin's Feiiy, on the Klamath 
Rival, two tices weie shaken down It was felt at Wcilchpoc, at the junction of the 
Tiimty and Kim*!* Rival a, at Oilcans, Somes Bor at tho junction ol the Salmon and 
the in«mth Rival b, at Bennett's at the folks of the Salmon Rivei , and at Qilla, a min¬ 
ing camp m southwestern Siskiyou County, about 3,300 feet abo\u ■tfa-lovcl Sc\cn 
miles hom tho latta place, el Biooks, in the axhemo noith west cainei or Ti mil) Comity, 
at an altitude of 4,800 feet, the shook is dcoenbed as heavy At IIowuS, on Hie night 
of Apiil 22, Mi Young expcilenoed another very perceptible shock 
Peanut, Timity Comty (Mis Ellen Biller) —Mrs DiUsr was in bed on the morning 
of Apnl 18, paitully awoke, when she was aroused by hoaxing a hoavy table disggoil 
aciosa the floor, alt ho she is quite hard of hearing Attached to the ceding of the room 
was a piece of wne about 3 root long, to whieh a basket Car flowers is sometimes attaeliod 
She noticed this wire swinging lunthweat-sou threat thru a space ol 7 inches, and thought 
the wind was blowing Hie hoiuo shook as if a heavy poison weie walking m tho eutiy 
The dock was stopt, the dock facing the east and the pendulum length being 6 6 iucIkm 
Mi John W Dilter at tho tune of the shook was awake in hod in a mining camp bunk, 
in a boeid shook about 8 miles es&trnarthesst of Peanut It seamed to lum a* il some 
one vane pushing or pulling the sido of tho shank off The man m the bunk bdow him 
was awakened but othm deepen in the shade wme not 
Montague, Bultyo a County (G H Chambers) —There was one shock, the estimated 
ihnation of which wen 80 seconds The apparent direction of movement was east and 
west The shock was strong enough to rattle windows, to cauM beds to move, and sus¬ 
pended objects to swing One dock wsa stopt 
OaxeUe, SiAiyou County lO F Dytn) — Many parsons in bed ielt a light sonsalum 
One clock m a brick stare was stopt Tho vibration was southeast and lunthwest 
Assort, Siskiyou County —Prese reports state that some windows weio biokcn and 
that wuta in the Southern Pacific Railway tank spilt out 
Dimomuv, Siskiyou County (A J Piekohmn) —Boon and wrndows lattiod 
Etna Mills, Siskiyou County (May Lemon) —Several docks stopt and some plastmmg 
was otackcd 

Slight dioeks are ako icpmtsd from tho Blade Best, Canton, and Hoinlnook, Siskiyou 
County At Sawyei's Bar a few cloaks ware atopt At Upton a watei tank 40 foot high 
turned to the west, tipping some water out, and then went book to tho uptight pnwtinn, 
acouding to a report by G R Dixon Hie was awakened by ha budding swaying noith 
andboulh A rooking ehair swayed in the tome direction, as dul hangings on noith and 
south wall* This was followed by more complex movements, giving use to nausea 
Denny, Tnmty County (E E Ladd) —The foot of the bed was raised, and then the 
head, indicating that the shook came from south to north This was followed fay a 
tiemhla which caused a rooking motion 
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Biq Bat, Trinity County (W A Pulteon) —Mi PolLison was in bud in a vmy aliong 
blook-Uouva, which shook anil nuulc a eiotkling noiso Hib pendulum duck blopl 
Nollung was ovcitluuwn Thtno was a ticinoi, then a shongoi shuck The movement 
bcomnd to lx* fiom uoitliwcst to Multicast 

Papoose, Trinity County (C lUaLkiuoic) —An drcliic light, bulb hanging by a cold 
about 1 L« t long was swung in an nie ot aliuut 32 inches 
Alimas, Modoc County Population 600 l(J B Towle )—The lianguig Lunps in n 
saloon wen? louiul at & 30" v u to ho swinging east mvl west A tub leaning agnnihl 
tho hoiN. on llio poich was lluuwn ilowu Romo men camped nooi tho town loll n tiein- 
blo of Uip oailli Olheib in camp soteial nidus lioin llic town wuru up unil hconl tho low 
bound ol (lie caiUiqunku, but dul not full llm shuck 
Sumrmlle, Jjissch County (James Hiaiiliam) —Mi Binnliam was in bod mill his 
hand to tho ninth and ldt hunscll toll Imck and foiLli m the boil, lioin which lie con- 
cluilos that the motion was cobt and west Tho slmck was, liowovei, not smoiu enough 
to bo generally loLt by people aslcop 

McAithw, SharJa County —Two si looks wcic full, llic Hist tlic sticngci, llio motion 
being east and west Nothing was ovcilhiown, neeoulmg to a lepoit by John MoAilliui 
tittdla, Rhuabi County (J P Schdling) — A iiendulnm clock m tlic Woodwind Motel 
slopl 

Redding, BkntJa County (L V Unbelt) — Mi BoHsell was induois, M|uatteil on Ins 
Inca in flout of a btuve lighting llu 1 Hie when llic* alioek came Uo foil no laomulous 
nmtion anil only one pnnci|ml iIisLuiInuuic, wliuli bihteil i e\eial aceoiuls TIloiu was a 
slight awn} ing motion of tlic house fui pcikaps 10 seconda, ami tins was slaongest ot tlic 
beginning Hie motion toiuled to thiow one lowuul Llic noi th No olijootb weio ovei- 
luined, but llio wmduwH lattleil a little A liinililing noise ineceiled and followed the 
sliook, which lie Asaibcd at tlic tune to a iwtung tioui, but llioio was no bain duo at 
that tune 

(B Mmcomlin )—The shock was mil intense eimugli nl Redding In move loose obfet Is 
In a law cases clocks wore stopt The shock was ielt vudontly oiul inany people weic 
awakoued by it It was piuccded at a vuty alight interval liy a mm Up In llic inomeiiL 
that Uic most viidonl pail of Llic alinek slaw k Llu 1 bouse, I was inulci the impiesaiin that 
tlic Bound anil Llic vilnaUnu wise ImUi enused liy n liiuii paming The ilirecLum warned 
to bo fiom slightly west of mirth to slightly nasi id smith 
Cottonwood , filuuta County (J 11 Hcidonck).—A eloek Hlii[il. 

HUKBOLDT COUNTY 

Areata, Ifwnbaldl County Populatinu OTiQ —A 8 ltiukle lejMiils that a few rliiin- 
naya weie damaged Mrs William Nixon lepnrts that a Inane npcnisl m one ol the 
stieeta of Aieata, into wlneli liei mfai iiinnt, a lelialile man, haul he could nisei l lilh 
hand, but by night it hail closed again Hlie was also mlcniiiisl that a lmck fiom a 
chimney was Llu own 40 feot toward the kiiiUi The mabi nJuiek apixsuetl to liei to bo 
cast and west, two locking eliaus in different looms, hotli faring east, weie olwivod by 
the sopaiate occupants to rock violently A clock on a ninth wall dul not stop, while 
many on cast or wosl walla did Or two cloaks on Llio south walls of tlio same house, 
one atopt wlnle the otlici dul not Mis Nison places tho intensity in Aieata at VIH on 
tho Rossi-Fmol wale Hhc loporls Anther tliat Blue Tjdm felt tho shook to the namo 
dogioo as Aieata, with falling ahnimgya, etc, and that ohookb woio foil up Mad Bivor at 
Angela Kaiich and on Redwood Cicok at tho Beiiy Ranch A latrn nhock waa felt at 
l h UP m, which atopt a dock on a noitii wall 
Buraia, Humboldt County Population 7,360 (A R Eakle )—Eincka waa damaged 
to the extent of about 66,000, occoiduig to lepoit Moat of tlic signs of dasbuation had 
been icpaned, hut a walk thru the town convinced me tliat tho uitenslty of tho diook 
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not giant Thao bio numoious buck buildings,hut no clocks rae eauflod in any of 
them Tho gieala numba of the chimneyfa wore nnaftected In the Public Libiarv 
no book* weie thiown fiom tho shelves ITi* laige statue of Minrivn on the dome of 
the Gouit-houae vilnated beck sod loith anil finally mted at an angle of about 46° 

Hi A E Bell, of the Weather Buieau, nude a note of the dneclion ol tho movement, 
which was southwest to noi theast, and this iliicctum was contained by othci obwrveib 
(A H Bell, Ohscivei U B Weatha Buieau i—It was the most severe uni 111 quake of 
whiidi thcie n any iccoid it Emcka It lasted 47 reconds and thevibrations weie fiom 
southwest to noitheaat Theie awe no pitlimmaiy tiemois, the shock boing sudden 
and the vibrations conlinuau, with maximum intensitv towaid the end Buildings 
shook to an alai ining dcgiec and sev cial who slight!) twnted One tiomo building moved 
about 12 inches to the west Many ohimneve toppled ova and bevcial hundied panes of 
glass weie bioken Thao was no lo*b of lite and loss to ptopaty dul not exceed 18,000 
Chimneys tell in all dn rations, but most of Lhem towaid the a tut Tho statue ot Minei va 
on the dome of the Couit-hoube tipi ton aid the south untd it leaned at an angle ot 43° 

A acoond shock ocouned on Apnl 18 at 5* 22“ \ as , and anothei was felt at 12 11 25“ 
r u Thoso shocks weie alight and of slant duiation Blight shocks of eoilhquaLo also 
occuned in eaih morning ot Apnl 10. at 3 k a as on the 20th, 0“07“ A u on tho 23d, 
lO* JO" a u on tlie 27th, and at 11“ 10“ p u on the 30th Theie was quite a sevme 
Hhock on Apiil 23, at l h 10“ a u , looting about 14 seconds The vibiations waa fiom 
—aoutholy to noilhcily, bang ot sufficient violence to shake buildings and slop docks in 
different pails of Lhe city 

(H H Buhno)—People who waa not (lightened and who weie looking out of thru 
windows desonbod the scene ns looking a* if oil the houses weie on the ocean Only one , 
dock atopt m my house and that was the huge legulatoi m the hall, facing aouthwebt , 
The othfi clock's had then pendulums swung souihwBbt, so did not atop 
The shock lasted 47 seconds It stated fiom a southwest dneotion The leason I 
am so erne of it is that I waa passing by my mantel, and one of the stature hit 
me m the book when the quake stated, and it could not have como horn any other dura¬ 
tion to have dano this It kept swaying Liu. house back and foith foi a while, and then 
wound up with a Iwistoi My chimneys stood it until the twista camo, and that mado 
them made On examination I found them turned fiom 0 5 to 3 5 inches Thoy wcio 
all twisted horn southwest tonoith At mi hunting house the shock thiew a glare globo 
and chimney fiom a luge Bodireta stand lamp into one of the beds, in a duration about 
4 feel fiom southwest If it had come tiom any olhei duration it would have smashed 
the glass to pieces 

The damage in Eureka, outside of the Weta Woiks, will not gp ova 310,000 Plate- 
glore windows weie smashed in evav plane excupt the Buhne biiok block All the plate 
glam m this budding lasts on horn 0 325 mth to 0 5 inch lubbei The shock picked up 
one building that stood on made giound and lifted it bodily 12 inches on to the next lot 
This building was thiown towaid the southwest The statue of Minei va, 13 foot high 
and 187 feet fiom the giound, on tho dome of the couit-house, waa thiown foi ward to 
an angle of 45° Mho waa bowing dneetly south Chimneys went down avaywhae, 
soma thiu the ioof, othms was twisted hallway round No lives waa lost and oily 
one peison was huit by a chimney noshing thru the ioof 
South of Eureka (H H Buhne) —A few days altar the qnake everything lookt all 
right along the load, excepting chimneys, until I reached Field's Tjmrlmg, at Bouth Bay 
Hue the shock opened a fissiue over 100 loot long m the middle of the toad, which 6 
teams spent one day in filling Pelican Island, as it is commonly called, opposite Field's 
Landing, diopt 3 leet at the pant where the United States pile beacon stands It left 
(he beacon lending at an angle of 45° bom the southwest 



IfalAEOlUlS DIbTHIBUTION OF VPPVRENT IWTHNMITI 


167 


At Dungon 1 * Feuj, on the north hank of the Eel Rivci , dio ground »n lull of frames 
Evciy but on the imi hud boon opened by hv.ui<^, nnd tho giavel toppled over loavmg 
big ditches, sonio 0 fret deep nnd ovi i fiOU fuct bug Coining up on the mninlnnd the 
load hail diopt aliout 3 fn l m uno plnec nnd was full ol small frames A 40-ocio hold 
waa enliiely turned It was hear il\ fivunil, liaving diqpl down in >>Lnps horn 3 lo 0 
foot wule, fiom 1 to 0 loot deop, md rium 6 to 500 tccl long, tho frames pointing botweon 
aoutli and soutliuesL All the fields nac lull of quicksand \oUanuch, somo 1 to 3 cubic 
yaids in mk The> war piifcot mninluio vnltnnoas, ovoiy one hnving a mala It is 
said Ihoy oxtendod 30 null's up tho ina 

In Fcindalc not a rhinincy wa* standing anil ovay buck building was loin to picecn 
The shock threw two wooden IioinmhuUiwiiys All llio plnte-gliiss wincbws weio auhiblicil 

Noni the Pulse Cope it thum the old lull, on which tlio Oil Clock coast load lan, mil 
into the ocean foi 0 5 nulc It u estimated llial 200 acres wine thrown mlo tho oooan 
Quito a numbei of caltlc went with Lhe lull Hie slide n said to have obscuiod the view 
of Caiie Mondoemo light liom Trinidad heads 

In Poliolia die hhock lliicw c\ci} lie mo off its foundation, in the mountains it openod 
gioat fissiuos, luiinug many amrs of goal gnuing land It is mill Lliat die McKoo lanoh, 
noar Shelter Covo, is enluely iiuncd liy frames About (I miles bobw die mouth of tho 
Malinin Rival, at wlut is called Hen Lion Gukili, Uio niuuntninh pitched tiigelhei, onlnely 
obliterating this dangaous place 

Tho amount of ilnmngc thiu die county will nnl exceed (100,000 In the foies Is 
tliousnnds ol rank of mlwund limlis aie sliewn ovm the gimiiul nnd nuuiy of tlio lien 
worn twiHlod off anil hurled lo Hie enilh A fiiriul of imuo living within 300 yuda of a 
largo body of redwood at Pcppoiwood, noai Ed llivci, wns in the flohl whon the diock 
came It lookt to linn aa if die bps of the linos warn almost touching tho giaund whon 
they weieinravnighiuhand fuidi It node linn quib duuy to watch tho trees Iambs 
oainc mashing down evil} wlime, inbinnnglud with an iN'easionnl Leiliblo crash tdhugof 
tho foil of ono of die ginnls of die words 

Fteshwatei, IIumbiMl County To tlu> nisi of Euieka Population 150 —The Hhock 
is dcsmibeil by Mi H E Hhuui ns Iicumci Uibu the one he ecpciiciirciL m Han Fianeisco 
in 1808 Not a chimney wns lell wluile in the town in vnlley, niul glnshwnie in kiiuHrn 
was genet ally In nkcn The Aist piu l of I lie i(iuikf wns from cant m a liblb south of east 
lo a hide tun ill uf west, llu>n cium* Liu* big wave, like wnves of llio oeenn The cniJiaid 
was bflecl lielween 3 and 3 Icel as il by n Ing Imsikei eiiiiiing in. At Ihn same tune lie 
thought Hie luiusf wnuU nmn> down, then it seemed lo give u lirreli niul throw llu 1 ehun- 
ncy sli sight noilli, some of llie In irks gning lo ln>l limn the poicli llo eoulil not keep 
his foot axerpl liy hanging nn the dnnr knob, niter I King Lhinwn Imek anil fmlli 

Alcrandci Otrui Mates ttinl most of (lie chimneys inFiesliwuLci weie tin own noi (liras! 
About half of the rbnineys weie tlnowu awl Llio rest weie all more oi less hliaUered 
Some wno twisbd fioui east b west ami one was tinned hallway aiouml hut did not 
fall Tho town is at the foot of a lull uetu a email slieun, ami ia I null an gravel having 
a depth of about 0 fool 

Ferndnle, Humboldt County Population R50 —Thn town, on the south mdo of the 
flood plain of die Eel Rivei, appeals Lo havo been die inoal sovnely shaken plaeo In 
Humboldt County It is tho largest town in die county south of Euieka, and ia about 
3 5 miles from the Eel Hivoi, as it now Dowb thiu lb flood-plain, 0 6 mda from Salt Rivor, 
a tnbutary of the Eel, and 0 miles horn tho ocean whom dio Eol Hivcr emptm therein 
The valloy b the noith of Feindale, aiul attending oast and went fiom it, ia undo lam 
by alluvium of piobably consideralilo doplh It u vay low nnd subjocl b floods almoat 
oveiy wiutu South of the town aio isthor abrupt dopes ruing b the eummit of tho 
ridge which ends in Capo Mendocino There elopes aae underlain liy soft aandalanre of 
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Pliocene (Merced) age, dipping unifmmlj northeily toward the valley of {he Eel 
River 1 

Mi A W Blackburn, of Ferndale, wilting May 2, 1906, conti ibutas the following 
atatement regarding the effect of the shock m that town 

There ia general agreement heie that the pnnnpal direction of the earthquuke waves was 
from southwest to northeast The main street ot the oity runa about southwest and the 
tremor swayed the houses and busmass buildings from aouthwest to northeast, breaking 
over two-thnda of the plate glass window a facing ths street, while wtndowb on the sides 
of the buildings did not sutler nearly so much One S-atoiv home building was caused to 
lean at an angle at at least 5° from ths vertical Moat of ths ohimneya fell, not one in ten 
standing, and those that did stand were rendered inseonio for the moot pait They gensiolly 
fell either toward the southwest or northeast, where the roofs slanted in tho*e directions 
Those who claim to have been out-of-dooia when the shock came state that the eaith roes 
and fell in great waves him those of the sea 

The only two brick buildings in town, both of whioh were one story, with a gable in front 
raised above the flat roof, had these square gables thrown forward into the sliest One 
was a new building nut finished this winter, end its walla were completely ruined, being 
cracked and loosened Several buildings wain lifted from their foundations, bnt for the 
most part the frame buddings were simply swat ad out of plnmb Accompanying the quake 
was a rumbling, ioaring sound The btamot was shoit and jeiky at its point of masunum 
intensity 

Prof A 8 Eakle, who \ rated Humboldt County at a later date, oonoboxateB the 
statements juat quoted He says 

At Ferndale the gieatest amount of destruction m the county took place According 
to Mr Joseph. Bhaw and others of the town, the ebook oamo from the southwest and the 
general direction of the fall of chimnoys hems out this statement There aie 2 brick stores 
in the place, both of which had their uppei portions thrown off Borne chimneys were 
thrown eastward a distance of lfi feet aevnsl of the frame houses were knocked out of 
plumb, but only one was moved entirely off iU> lonmUiiona, tho a slipping of a few inohos 
woh common The main street rams run thuaaL-south wool, and the stores on both had 
their plate glass wmdowB demolished (See plate 60 1 ) There were no amoks nor sinking 
of the land u the town and the damage sms wholly due to the rooking of the houses As 
moat of the stores had large gloss windows m front, the nppar atones were weakly sup¬ 
ported from leek of bracing, and this was primarily the oauae of then bending out of plumb 
Very few frame reeidences were seriously damaged It sms reported that a buck falling 
from the chimney of one house sms thrown inlo the bedroom of the some house thiu the 
upper half of one of the windows under the eaves Thu illustrates the intensity of the rook¬ 
ing motion to which the stiuctures were subjected 

On the flood plain of the Eel River to the noith of Famdalo, Professor Eaklo repoils 
that the ground sms cracked foi a distance of 0 25 mile on tho weet honk of tho nvei 
The ciaoke snae in dose vicinity to them ei, ami seemed to bo an the lino of an old chan¬ 
nel A scries of paiallel cracks, somo hating a vet tical displacement of 2 feel, tho surfaco 
being uplifted and dcpngst, followed the trend of tho mo and sraio evidently load in 
the soft alluvium At the time of the eaithquake watm and sand s poute d up m sovcial 
places thiu openings which were in some coses 4 inches wido Mr Blackburn repute 
that this sratei remained on the suiface of the fields for some time aftei the eaithquake 
In this same connection, Mr J A Bhaw isporta that "a field on a high bai noai the 
Eel Rivu waa hterelly shaken to pieces, and water filled with quicksand stub qjeeted 
several Feet high The lcntaiun horn north and south m a curse to cast and wost Bomo 
parts are actually out into squares The jump vertically wdl reach 2 5 feet There 
ware no such large rents thiu the valley generally, as the upper ml reets on a clay foun¬ 
dation which seemed to stand it all njjht " 


‘Km ■■ Motamoal —etion at thie point aw *nia 0-*— -• t»n» ffc—t nf MnrUww n-iif.^. 1 - 
by Andrew 0 Unman Bull Dopt Oeol, Umv • i « l \., S o U0 wanna, 
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Ragaiding otha parts of the valley, Mi Blackburn lepoita that all the other towns 
bordenng on Eel River Valley sufleied lev than Femdale Loleta, on the noitfaeaatem 
edge oT the Taller, paitly up Table Bluff, did not autfcn soveiely Foituna, northeaat- 
eaat of Femdale, suffered lew than Femdale, tho only 0 milea distant, othm towns up 
tlie Valley aufteied still lorn At Gimly, population 70,6 miles east of Femdale, ehim- 
noya were thiown to the giound and aioekeiy in tho houses smashed, aocoiding to Mi 
A C MaUieton 

To the west of Fsmilale, on the ooabt about 0 6 milo uouth oC Oil Ciook, a loago landslide 
was caused by the eaithquakc and ia dosciibod in the following no to by Piofcnoi Eakle 
"A section of the coast loughly oahuialed aa ono-lhnd of a mile in length slipt on a 
76° plana into the ocean, framing a point of land extending 100 yaids oi mrac into tho 
boa Tho slide destroyed a prabon of tlie coast load which ian along tho edge of the 
cliff* The coast difU consibt of Merced Muulstono, dipping 45° to tho nm lh, and Ihme 
is evidence that landslides ha\u been quite ficquont heie in the post" 

Caps Mendocino Light Saturn (R Jensen) —Tho shock liavoLcri horn southeast to 
nmthwest The light-lowei and liouso wmo heavily shaken Tho biiuh foundations 
and walai culnns, as well as the coneicto in tlie yiud, wcie broken 

Petroha, HumbMt County Population 200 (A S ISakle ) — Pi nolically ovmy house 
was thiown oil its foundations A mndcialo slioek, howover, could do much damage 
to tho town, owrng to ita situation and tlie nay tho liousce wmo constructed Tho houses 
mo brnlt on the soft bottom land of tho Mattclc River, aovcial of them within a few foot 
of the river, and Uieir suppnta mo simply blocks of wood, atraip, ra eonnoto lasting on 
tho ainfaco of tho pound In tho shako-up tho blocks undn tlio houses wore unequally 
locked and *omo became overturned, causing tho lionnaa to slip. The movomant was in 
ganmnl oast anil west Cracking of the loud otruiml along tho odgn of the nvm in doao 
proxuiuly to die liolcl, whidli was quilo badly dainagpl Two liotwes on a toiiaoo about 
20 feet high, on Ilia light lxuik of Uic nvor, were not uijuiul ns inuUi as Uinac balow 

A nolo fiom Mi Blackburn irgniding thm tninn town snys that tho only place which 
is lopoilnl to lmvc hulfcicd relatively mmo tlian Fcmilnki is tlie little town of Pctadlia, 
on the Matlole Uivm, there hame liouaes were moved from tlicu foundations and even 
fell oomplololy, the amth marked vnv much mul nuuli 1 wide fissures, many slides 
ooeuned and (lie shock was hoavu'i The gnneiol dneelum til tlie shook was horn Ilia 
southwest The valley along (ho Mattclc River Is vmy narrow mul Lhe mountains mo 
highm than nam Fcinilnle 

From Potidlin to Rhcllci Cove wn lmve die billowing mite liy Ihofiwn Eakle an to 
tho dostiuelivo oilccLs of tlie emllit|uakc 

About 10 miles up the nvor at Upper Mntlnlo, tho lonrh house of Mi Rnsroo was moved 
about 2 inohoa wcstoily and tho chimney destroyed At tho town of Hiioeland, on tho south 
fork of the Mallolo River, the shook was bo vote but eonsidmably lam intense than at Pctrolia 
The atom moved westward one inch and tho stork was thiown horn the aholvos Damage 
to the town was slight, and at Garborvillo, faiLhei oast, it wss still loss Fiom Bneoland to 
Shelter Cove by slogs read there are but two honsaa and those bad thou ohimneya thrown off, 
but nothing more serious No making of the land oeounod except in the vicinity of the 
Gove The buildings at Notley'a, within 1 milo of the fault on tlie west side, sanmed no 
damage Even a teue-cotta ohimney was not overthrown, altho it was knocked awry 
Some of the furniture was displaced and some of the goods in the stoie were scattered about 

On the stage load between Eureka and Sherwood, Professor Eakle reports that the 
shock was sufficiently sovura to throw anno dhinmcys at tho vsikmib very small settlements 
along tho road, and that tho gsnmal movement of tho vibntion m this seetlon was re¬ 
ported to be easterly and westerly. Hie town of Foituna suffbrod moat 

Fortwia, Humboldt County. Population 1,100 (D. L Thorobany )—Many windows 
m stores were broken and tho stocks of mmchandwe on the shelves were thiown down. 
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Drug stores Buffered moat in this respect, and bottles fell puncipally from the west nde 
Over half the chimneys in the town wete thi own down Several houses moved liom 
1 to 8 iwJwi off than foundations The hvb wntci swashed up on the banka Futuna 
is partly on the rrver bottom and paitly on the hill elopes above, the Eel Biver being to 
the west of the town 

Peppenoood, Humboldt County (J F Helms) —In the stores and saloons 10 pei cent 
of the propei ty was deetioyed by beakage, but an the faizns ot the neigfiboihood the 
damage was moetly confined to the throw of ehimneya 
Bncdand, Humboldt County Population 150 (J W Bowden)—Hie village wittered 
damage to the extent of H|fi00 due to the Lneakmg of chimnoys, water and gas pipoi, 
household fuimture, etc Hie village is on doping giound on the cieek bottom, the 
latter being u solid aandatone and shale, with the bedrock neei the am face geneially 
One 2-stoiy building 80x80 feet, standing mat and west on a concrete foundation, 
wea moved north 8 mehes on the west end and south 6 inches on the east end 
On the east bank of the mam Ed Biver, to the east of IeytonviUe fA S Eaklo), tho 
ground was Blacked far a distance of 300 yuda, the tiend of the ciaek following the 
ooume of the river The mack was meiely local u the alluvial bank of the abeam, pei- 
haps 100 ynrda fiom the water A long budge crossing the abeam at thb plane showed 
no effects of the shook and the few housea in the vicinity woie not damaged in the loa«.i 
Further east, at Covelo, the shook was not violent 
Thorn. — Dishes were shaken fiom shelves m houses. 




Bi E 8 Uwi 

In the tamtory from LaytanviUe to Oovelo, and noitberiy to the boundary of Tiuuty 
and lisndoemo Counties, the shook was sufficiently aovme to awaken neaily all sloopcia, 
to throw milk fiom paub, and to jar a few things horn shelves, but not severe enough lo 
do any damage to buildings No chimney was reported as damaged Most of tho chim¬ 
neys are of rough atone, tho a few are of bunk Some plate glass was broken in one of 
the stores at Cbvdo, but the building was in course of egnstiuctaan and the windows 
were temporarily and insecuiely put in place A large piopoitmn of tho lesidcnls claim 
to have heard a roar juat preceding the earthquake shock, and several repost the shook 
aa beginning with a slow east and west motion, and ending with quick ms vine jeiks A 
man riding in the hills at the tune did not notice tho shock; but his tunas stumbled 
repeatedly without apparent cause 

There were a great many eai thwacks framed in the Bound VaUqyiqgmn Same wore 
examined, but many had been ofaseuied by the winter mins, while others were not visited 
an account of the heavy ram which set m and made it impossible to orosa the atieama or 
get about m the hills About 20 milea north of Covelo, about seetinn 2, township 24 N 
range 14 W, on the Horse Bench, and about 700 feet above the north fork of the Eel 
Biver, is a crack about 40 fast across and 000 feet long At the southeast and a ndge of 
massive aandatone makes that put of the teiieee somewhat wider At eithei end are 
small gulliee At the back, to the northeast, aiathei sleep hill of sandstone rises abruptly 
from the terrace Below, to the southwest, the terrace end» in a steep slope which shows 
evidence of repeated sliding end has reveral springs neu its There ue no trees 
on this slope, but the hill back of the terrace la coveied with tieea and there are annw 
trees on the terrace, mostly on the hill side of the crack, altho several oaks 8 »™ii— m 
diameter are on the side toward the mer Hie main creek is about 400 feet long It 
is indistinct and diaeonneotad at the northwest and, but gradually becomes more 
prominent till it neehee a point just beyond the center where the nver, or southwest aide, 
is 6 mehes higher than tbe hillside, and there is an open gap of about 8 inches It then 
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begins to die out and upon leaching the nandsUrao rulge turns about the edge of the 
iidge and oontanuea about 100 feel more in tho shape of mcgulai ciaoln along the nidge 

Tho racks about this ciack an piobably all Fianoucan The sandstone extends for 
some distance in all duoctions and is usually shown only by bagmenls Cherts, sm- 
pentuica, and sohista occui a short distance above and seem to bo olosely anomated with 
Lha sandstones The stnke seems to lio noilhwoM. and the dip quite steep to the noitb- 
casl No eyidenoe of laultmg was found, but the few outoiops showed little structure 
The hills foi a oonsulorablo distance on all odes of this oiaok aio coveiod with old slides 
Cat of til examination end enquuy levcalcd no extension of the oiaok in oilhei dncotion 

Tho evtonsion diouM pass fauly bkr<o to lha road bom Covdo, but none of the 
lanoheis along the load know of any clocks in the hills until Dobbins' place was icaohod, 
10 miles southwrat, on aacUon 14, township 23 N, lange 18 W Has a ciaok 000 foot 
long, bending N 25° W, oceuia on a beneh 160 foot wide, mado up of soft alluvium 
giavel, etc, bounded an the noilheoal by a alccp hill of aeipontine, on tlie southwest by 
a sloop dope to tho creak 200 feet below, and on tho northwest and aoullioasl by bediock 
iidgob The crack ooouxa neai tho outoi edge of the benah end the cieok (southwest) 
aide ia a few inches higher than the hill aide It doos not oonlinue mto tho haul iooka 
al either end Between the aieok and the hill tho ground is soft, muy, and full of apimgs, 
whilo at the edge of tho hill magulor macka aie aomelunes soon, showing that Ibo muddy 
flat had likewise settled l dative to Lha hill and indicating that the soft central aiea had 
sotlled ldattvo to the hard, dry dope toward the aeok and the bodiock of the hill Tho 
oiaok lima undo the cabin whac then was the greatest movement, but tho the cabin 
in on four pegs, it was not diatuibed 

In the absence of a map it may bo staled that (hia stack linos up very wdl with the 
ono mentioned above and that the upthiow (7) is on the southeast m both cases Both 
an in soft matciial and both are paaalld to the abeam Moioovci, the toad and a mar 
jonfcy of Iho lanoh bouses an loughly m tins line, and macka olf this line would he moio 
likely to escape detection No araoka were found helweon Dobbins and Covolo Soveiol 
cracks were rqportod crossing tho road from Covdo to LaytonviDe ncai the top of the hill 
to Iho imth of Middle Ed Rivm They aie aoid to oonlinue at urrgulai intoivah for 
a mile or nune to the north oi slightly north of west They generally liaiul north to 
northwest, but vary aonsudmably 

One mile farlhei west towsid Iho Ed River, a oraok croet the road towaid the north 
There is a strip of soft sandstones and shahs thiu haio rosomhling that found at tho 
Hone Ranch and striking to tho non Unrest In this stup numerous oiaolo were found, 
often trending northwest but vuymg ooneidmably. Fora of these cracks wmo visible, 
but others oould not he found as die rams had headed them It was said that the down¬ 
hill or southwest aide wee eomelunee higher than the narthoaet side Only one of then 
araokc could bo aaoiibed to a dido. The other three might vmy well have boon due to 
the shock Just north of W Goforth's houae is a crack 1,000 feot long, trending N. 66° E, 
and following roughly a low ndge running out from the mam hilla It outs almoat at 

wghf mrygo* to Hw> Twain liilh uiH ui tw «nft. mataim] wlmJi li—liUJa alnpA It OOUld hardly 

lio an ordinary slide 

On the top of the ridgB, where the soft streak arones the hilla at an elevation of about 
1,000 foot above the nver, is a made about 80 bat long just below a low sandstone knob, 
trending northwest partly eeraas the draw at a oonmdermble angle with the ereet of the 
hills It w irregular and shows no displacement of any kind It oould hardly he a slide 

Bbll farther north. Just bqrand E Gcvire’s houae and about 8 miles from Robbins, is 
another mack trending northeast It is probably a slide Mr. Qevm stated that then 
were several didas m the hills on ell sulee of his houae, but no other Brooks were reported 
to the north To the couth the eraeks extended to the river, but none were known south 
of the river. 
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About a mils futha west, at Pooti Kenney, seveial uioro shoit crocks wae lepra ted 
(lending noithaly but vaiying in duoctun, and not connecting along their bond, but 
1 could not find any of thno About 0 miles mnlli ot the teidgo on the Eel Bun, at a 
sheep camp called Hble-m-the-Giound, tbae ate said to bo a peat many aacka tun¬ 
ning m vaiious dueebom, but I dnl not \isit thorn On the whole, 1 belicvo that these 
ciacka weie all due to the caithquahe, but that Ihcy eie nothing mmo than auiface 
aacka duo to the jai Thoy occur onlj in Ihe aott stup* of weatboied sonditono and 
wheie thug socm to be irlatcd in Uend they sho acorn to follow Iho atuke of tbo looks 

SHELTER COVE TO ALDER CREEK 

The Mtonsih of the euthquahi chock noai the eooat or Momlocmo County, between 
Bhelta Goto and the mouth of Alder Cieok, n ot poculiei intoicet, bince along this poition 
of the ooobt tho tault line is ofishoro at an unknown distance and has on unknown corn sc, 
except m so fat as con be mdnectlv inf cued One of the mosL impoitant faotus in tho 
pioblem of detcimining the piobabla dislsnco oflahom at whioh the fault line tiascisps 
the flora of the Pacific is tho intensity ot the chock as expel icnced at pointa along tlio 
ooost Foi tunately we have satsfioLary mfoiniation on tins point 
Montoe, Mendocino County (D Based ci) — About 90 pci cent of all buck ahimnoys 
wore thiann down In liousrs with shelves and eupboonls ulonged cast and west, CO 
pa aent of all dishes and gbuswaie woe tudken Btoioa with ahols mg limning the aamo 
way had all goods thiown off the shelves Many buildings of light fiame eonstiuobon 
were moved fiom then foundabons This place is m the hoait ot tho gieat ledwood 
blasts, wlieie beee attain a licight of 300 toct ra mmo Theso tall heea suflacd mme 
fiom broken tops (hen anything cUe, fow if any sound bcce wme entuely upiooted 
Tho tieos swayed to and fio fra tullv 10 minutes aftot the ahock The dncotion of the 
motion wna nrath anil south Fissuies opened in tho mountain and duung Iho 
piraont winter (Match, 1007) many largo landslides have insulted fiom then opomngs 
Uaidy (Alice Kingsbuiy) — My chimney was thiown down Many dishes in eui- 
lounding houses wae broken My pisno was movod 8 inchea ftom tho wall Thoeaith 
was aoclced, both upon the mountains and neat tho ciook, whom the eailh was bioken 
away'fiom the banks The lagging lailway in the woods was aomewhat damaged Tho 
walls aiound the boilois in the lumber mill wae clacked 
Weetpmt (K M Bates} —All but one of tho chimnays in town wae shaken down 
Lugo looks that wen on the ground wae dostioyod, but thoso built an fismowoik was 
not damaged Isugr oacks wno mado m the ground, oral alLci the heavy mins of tins 
winta (Much, 1007), laigr lnniMiiln oceuucd Goads wcie thrown off shelves in the 
strae (Tho town is quite naji the ocean on a woro-eut taiaoo imdmlmn by rock) 
Inqlenook, Mendocino County (.K Pitts 1 —Not a chimney was left standing, noi wno 
dishes enough left to cat bieakfasl on The town is botwoon the ocean and a kit or 
timber Much of Ibc timbei (ell, owing to the violence of the shock On the banks of 
a small lake in the sandhills between tho town and the ocoan, some alders anil willows 
fell owing to a slumping of the hanks 

Cleons, Mendocino County — Most of tho chimneys in tho plane uo teiia-cotta All 
the biiok ones fell About 1200 wrath ot bookable goods in a genaol imnrhunrfi— 
strae was totally drotiavcd, and about S300 to dOO damogo whs done to the whaif and 
mhoad bocks All sway-biues on tho whuf hail to be replaced, and the irahoad 
track was buckled in many places Thr Imdge acioss the lagoon sank 8 feet in some 
places, and was thrown out of lme Is to tolly, all the piling supputing the budge h«ng 
listed to the south 

Branuomb, Mendocino County OT M Branscomb) — Of about 16 rhimnoys in the 
vicinity, 2 wae shaken down. 
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Fart Bragg, Mendocino Comty Population 1,000 (F E Maltha) —Tho town of 
Put Uiagg Buflcred quto Bewuoly, ami Iho indications uc that the intensity of Die bhock 
whs consuleiahly gicalci than in the towns lmmediatoly lo Iho iouth 8c\mal buck 
buildings were completely domoliahcd, olhcii had puts of then walla bioken ofl Even 
a nuinbm of wooden buddings collapsed 01 wcio pully wieoked Fuc bioke out and 
dovastalcd 1^ blocks licfoie it could bo conlioiled The water mama weie disconnected 
and tho enLne town might ha\o been wi[xsl ouL but fot tlio timely ambiance of tho 
ateamor Higgino m Uic haibor Tlio mill lost its non smoke-stack, and waa tampoisilly 
cupplcd In all, llic ilunogo Unu hie and eailhquake ib cslnnatcd at 8100,000 (Sec 
plain GOii am 1 07a, ii ) 

Tlio following moir detailed aeeounl of the cllcela of the shook at Fml Bmgg is sup¬ 
plied by Mi O F Bailh, piincipal ol the Put Biagg Union Iligh School 

The hist shock hod an osrdlaloiy inoLion A temblor was ML about 2 horns latei, and 
fiom 1 to 8 tomblms have boon Mt at mcgulai intervale neailv ovoiy day sinoe 
The duration of the wave of Ilia heavy shook appeals to base been Lowud noith by east 
The punripal fact that jualifiM this statement is that lira monuments in the eemotoi r, with 
but two exceptions. loll fiom Ihou bams south by west A sooond xenson is that a oylindei 
punting piesa weighing not loss than 5 tons moved about 8 inches south und 2 melina west 
upon a level (loot Tho put of the building contunmg the picu lias boon flnished onl> a 
low months, haa a Htiong wooden beam foundation, and woa not moved out of position 
About a block away a aiuo in anoli a position that it onuld not move in the dime lion of its 
rollaiB, north to south oi Iho opposite, wns thiown on its blockb wnLwaid 3 oi 4 inches At 
the high-school building (temponur quaitois, not moved at all), a luge case about 2x4x7 
foot, full of appiualua and insLiumonls used in pliyues. moved (lolled out) towud south 
by west, but nothing was uput within This eoao stood oloao to a rentral partition on the 
noith aide of a south mom on tin sooond floor Ghamicida on open earn shelving on the 
outaide (south) wall of mid loom woie nonilv all thiown to the dboi 
At Nayo, 15 miles fiom tho eantei of FbiL Biagg, a strae 1-stoiy high, having but a 
flooi spam of sovoiol looms, poihapB 00 X 00 foal, on uudoipinning avmagiiig 8 foot huh, 
moved about 22 inches west and nonil> as murh mulli Tlua alnio atuula within 100 foot 
of the Noyo Bivei At Pul llisgg most chimneys woio biohon nil al the loof anil most of 
thorn fall aouthwaid, but in a fow rases tlioy si altoied ainund liui shaft Thuso built up 
fiom Lhegmind, as a lulo, faiod womo Tlio laigo smoko stuck at Uio Raw-null tell south by 
west The bnok foundation of a baLlay of boilers plnootl norl h and south waa sliuken down, 
another bettoiy dan liy, feeing ant and wosl, was not nfloctcd A laigo engine with a 
well-budt brick bam dm noL move, noi did tho liaso. nor did tho lnllor cmak 
In my bourn end in sovoial othoia, dulics on oaaL snolvos fall to tlio (lorn, whilo thorn on 
shelves on tho othoi ndos worn lorn altoetod, those on tho south hardly nt all The eonlh 
sholvce of two jewelry storm fued diRoioull}, all Iho sinall alaim and oilier light docks 
fallmgout Tn adiugstnio, ono block nniLli of said jowolivstole, Iho noiUi und oast sholves 
saffoiod most, tho north tlio moio, hut thia may liuvo boon duo to Uio difloioiico m tho 
bottloe and and to Iho additional Joi ol a falling brisk building 

Sevaral 2-stoiy wooden atom buildings faring weal warn thiown to on angle southward, 
the bam remaining on tho foundation, and tho second Horn moving fiom 0 to 20 or mom 
inehm The upper stoiy in moat of tluno romoinod plumb Eight buck buddings were 
shaken to iho ground, two nro bouig lakon dawn A now bnck 1-story bulk budding is 
badly oraokad, and only one bnok building, 1-stoiy, is intact Of the oight, tluee were 
2-story buddings Many naidonom were moved, a fow os mnoh aa 20 inches Both 
1-otoiy end 2-abny square budt wooden buildingi hold their own well, exmpt for than 
chimneys Tho four wooden ohurah buildings facing west, and the one facing south, an 
intaot, save chimneys 

One man walking on tho street win thrown down lie is positive the wave traveled eouth- 
1 —t, tlio gmund n iwiTilafaniM homg O and 2 feat high Another lookt OUt of hlB dOOT tOWOld 

town, facing aouthwrat Bo says the wave traveled u that duration and a roar aoeam- 
panuid it, appaanng to go farther that way oaoh aeeond 
At tho minat o ry, one four-piece monument dropt ita top puce to the north by out, and 
tho neat two puma u in other oama The flat or ordinary grave-ctonm feeing eaet am all 
intact. 
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In tlie piue-ioom iefeiicd to, n bond fiie extinguisher was nppaiently thiown 01 whnlrrt 
tiom n southeast aoinei shell out near the eontei ol tlis loom, ion light side up This would 
beai out the idea ot a twist 01 double movenu.nl contiscluckwim, appai cntlj oxpeiienced 
by several peoplo, mysdt included _ ., 

Them aie a numliei ol liosuies in the mud flits in and neat the Noyo Hi\ei anil Puduin 
Cieek The boys uy theie eie masks in the slieunn Theic aie trades in the ltn solid 
lodkb along the ocean shorn hne 

(En TTi g gina )—My house faces west The east put woe moved 6 inches south, 
bieaking waLei and sewm connections The west end ol the house did not moio Goods 
on shelves woie thiown hom tlisnaith side, but not tiom the south side All buck build¬ 
ings in town went down except two, nml these wcie ihmagixl 
The above lasts indicate that the destiuetivo Lfteets mv as scvcic at Foit Bragg as 
at any othci point within the sona ot high intensities, buL it is noccssuy to know some¬ 
thing of the situation of the town Expuicnco chcwlieu; in Uic ioiib ot dcstiuctue oflitts 
has shown that much damage may be causal to buiblingi oven at oonudeiablo distsnco 
fiom the focus ot dislinbanco, if they ue upon soil alluvial bottoms An lnquuy was 
accoidingly duoeted to Hi Berth as to Un. situaLum ol the town and its underlying toi- 
mations In leeponsa to thm inquuy, Mi Boilh replies as luUowx 

Foil Biagg is mostly on the fiisl Leiiuoo The blufls ine about 40 to SO feel nboic the 
baa Thanthe teuace has a gentle slope Ihiu the Loan up Lo the second tenace (a nso ot 
flO to 7fi feet above rlifts), wudi begins about whom the built-up put ends Theie is no 
distinct hne of division, but a muo rand i isc loi a few bundled teet mai In the second tanara 
It u about 0 25 mile on an aveiago noin the blurts to wheio llio Lown icully begins, i f 
going euatwud, and the town hoa n width ot a little mote thin 0 35 mile, tiom hoie to the 
aecond teiinoo, alill gang eastward The eeardifla aie lough, locky, peiprnrliculai uallb, oi 
neatly that, foi eeveial miles, mth many bold, loeky, tool Ihiko se v-aom isles skuling lliun 
About half a mile noith ol town, Fuaidin Cicok, and about a mile aouth of town the Novo 
Rtici, liave cut than wn> thru lalhci deop canyoiib to the sea Whilo the volume or waloi 
in the latter is lnigei, the nenow volleyh ol the two do not dilfci much Natiow strips ol 
tillable land skill them The two almoat meet about J mile* east ol the blulfs, whom theio 

_ _ _J _■__1 _1_nl_AL.. I ______ j _ I__ml__ -_U_l ... — 


tiom the aecond to Urn thud tenace 

The suiioce coil upon whieh Foit Bragg ia built aoirash ot a sandy louin, latlioi suiuh 
and yet pratly film The laying of oewei pipes 4 Ui fl feet deep iavr ds uuue sand bolow, 
of a dark yellow color At theoluUa or cults thme is tiom 10 lo 15 loot of soil At one 
punt when the aeoond tenace begins (hue Puddin Cieek cuivcs in olooe to townl, solid 
took cornea dose to the suitace 

A well about 600 oi 000 teet noith of the business ccntoL icached rack at 80 feet One 
of the briok buildings, 18 -atoiy hold which woe so badly injuicd that it had to be tnkon 
down, sLood about 100 fret from this well AnoLhei well, 0 25 mile north of the business 
center, obtained watu in anul at a depth of 82 feet without leaching lock 

The town is comparatively lei el fiom noith to south, except fu a small valley—liaidly 
that—a 0 85 mik wide vale, running down thiu tlie mill yanls to the boa at the punt whom 
the harbor indents the ooast 

It is deal fiom this deBaiptum Chat the town of Foit Biagg ■ on a well-defined wnve- 
cul tenace coivod out of the haid sandstones which picvail along this pait ot the coast, 
and that the tenace ■ mantled with Quaternary muine sands varying in thickness 
horn 10 oi 15 foet at the bunk of the pieaout seorclilfa to 80 feet m uthei puts, and 
lapwing to nothing at the tear of the tmioco It thmefmo see me to be a fau infer once 
that the destruction oxpuiBuecd at Foit Biagg is not duo, except to a vny limited 
extent) to those causes which woik exceptional damage in the watu-satuated alluvial 
bottoms, but that it ie lefciaUe to the high intensity ol the shock, thueby implying 
pioximity of the town to the fault 

(W T Fitch)—Theie wue sevual small macks acute the loads a few miles aouth 
of Foil Biagg, end back in the hills thae wue moie and luga ones In the bed of 
the Ten-Mile Bnn, 10 miles noith of Foit Biagg, where level surfaces oocuiied befioio, 
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llicic wcio noted alia (ho eailhquakc funneWslraped depletions icsomblmg extinct 
solcanocs in nunuluic These ncu only a few foci in duniiotoi 

Al (llenUau, 5 milts cut ot Foil Biagg, the intensity of llie bliock appon* to luuo 
gicatly dumiushed Tho place w on a ctcok bank, botween high hills Ui A F Scull 
lopoits lhal Uie wr mill wi* slightly damngul and thal lira stoio good* wcio thiown 
tiom noith and *oulh wall* 

Co* pai, Mendocino County Population 300 (F E Matlhcs)—The shock was 
appuenlly not so bcvcio Most ol tlio wnodam houses showed no damage Even the 
huge buck stoic ot the lumbei company appealed litllo allocLod II was piobaUy well 
buill and sustained only a tow mack* of liltlc lmiwilanno All cluniiiuys wmo bioken 
withoul o\copUon Tho budge ovei Caspar Rivei is a total wioak, but il oppoois to 
liave been a weak sluicluie to begin with 

Mondocmo, Mendocino County Population 000 (F E Hatllics) — Thm town, like 
Fail Biagg, is on tho Gist of a smies of navo-cut Icuaccs whicli seme the coastal dope 
ThnpiesonlBCBrclilta at the lower moiginol lluti ten ace vary horn 30 to 100 feol in height 
Tlio Icirace n vcncmcd with Qualm mu y manno sands which aie in pail so compacted 
and cohmont that Iheymay bn dobignatnd sandstones Tho townshows but lilllo damage 
Only one laigo home building, the Ooculoutol Hotel, was wiockod lluu lira giving nay 
of its undoipinning Few dumnoyB acapad dashuetion Plasln fall in i|uanlilics in 
somo dwellings, wbilo olheis sulhned but little in this icspool Only one out ot a con- 
Bulmablo number of walci-tanla was wmekod In tho i ivci bollom adjoining tho town 
tlu di'sliuctivc client was notably gioatm Tho lumbei mdl of (lio Mcnriocino Lumbei 
Company was the chief suffeier II lost its toll smokataek, and in addilran hail its 
laigo fly-wheel in the englne-ioom biokon by tho shock Tins fly-whool was ouonled 
almost oast and weal on a ninth and south axis Accmding to tho ougraooi, il was not 
in motion al Die lima of tho quake The osoillalions of its exceedingly heavy uni cauaod 
the fiactming of the spokes in the two uppm qundianto Tho fiagmonlB woio slill visihlo 
in lira null ysid 

The budge ovm the Big River was also sevoidy damagod, a Blunl span m lira loug 
approaah an tho ninth aide collapsing enluoly lira strucLuio had been lopauod al lira 
linra of the vnil 

(O. II Rittor)—Viluahonn al Mendocino soomod to bo ast illalury, moving uenth 
and south I icmcmbai Uie foohng dually, fai my bed axtomls noith and south, and 
mated in a sLnught lino noith Tho high-suhool budding was moved on its foundations 
aboul 2 inches ninth, and a 3,000-pound safo in town lolled nmlh 3 to 4 molios Tlio 
wing of Occidenlol llotel which extends casl and wcsl collapsed, wlulo lira wing 
extending north and south lamaincd 'tending, oltlra tho toundalion biases wcio thiown 
slightly out of plumb in a nmlh and south duccLion It is vciy clear hem Ural the vdnor 
turns wmo noith and south The dav oflei the shook Ihcte wmo nummous eiaeks in 
tho giound Chimneys seem to hove fallen nmlh and south, goiwislly south; nummous 
bIicIcs on the difls took place, some vciy huge Tho load bolwoan Point Aiona and 
Mcndooino was cut oil by nummous slide* (lopoil of tourul) The budge am os Big 
Rivm, emending nmlh and south, collapsed The fall ol tho span was due to the shift¬ 
ing nmth of the pda an tho noith side ol tho uvci, thus allowing one end to riiop 

(William Mullen)—The shock at Mendocino began with a tremulous motion, inmcasmg 
very quickly and dea easing also quickly The puncipal distm bonce sms sliongost 
towoid the and The motion seamed to be up and down, and also ham nmth to south 
Chimneys fell mostly to the nmth, while tombstones fell to tho north, south, and east 
It luted about 40 seconds Beds were moved from 3 to 5 feet and pianos to the Mine 
extant Pictures hanging on walls showed marks of having swung 8 inches A rumbling 
sound like distant thundm peceded the shake, and was loudrsl it the aommoncoment of 
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the movement Duiug the shake Animals lxcamo gically exciLed, hoisos and oatllo 
ian about Watn in Mime walls became muddy and fiolhy 
Navatro, Mendocino County iF E Malthes) —Tha town ib an abandoned one, and 
the canspuHiousnem of ita damage may peihape m laigo mcasuie be allubuted to Uic 
neglected •state of its buildings Needy cvmy house, exoept fm the fow still occupied, 
eufteied peitial collapse ot il* undeipinning, so that fiom wlialovoi point tlie town be 
viewed, it piesente the bine lonunlablo jumble of lraniug, halT-iuined houses Its 
location on the flat, alluvial bottom next the mci piobably conti lbu ted to tlm seventy 
of the Hpmngp in tact, of the enlue eei kb of villages and towns viaited an the tectum 
of the const, this is the only one (hot blands on alluvial giouiul, all the oLhois aio built 
on Aim lock teueree The gieat wooriou budge at Navairo showed no damage whatevei 
Ortmwood, Mendocino County (F E Maltha) —Week undei pinning camnd thn pm I in I 
collapse of beveiel fieme houses Ghimnoye had tellcu without oxecptiou Plaster fell 
in the Iowa stones of the fow homos containing plablci Hie lumbei mill wee not 
damaged Windows weie hokon in tho hold It tlio lault lino ho piodueod nmthwaid 
with tlie last beeimg obacived, N 28° W, it will ho lound to pen about 2 5 miles to Uio 
west of Gheenwood, tliot it, nsmly the ssme distance winch sepeiales Point Anna 
(i e tlie town ot that name) ham die fault Yot the dcbliuebw foico scorns to hnvo 
been a little leu effective hue then ol Point Aicna 
Albion and Ldtle Sim, Mendocino County — Tlicso two moll actLlcmontb to the noi Ui 
of Navnuo eia eompeicd by Hi Malthas with Giaonwoad lib states U»*t the 
at Album wee on a pu with that at Gheenwood Oulvafawof thoweeku wooden housu 
weie oiippled by the pailinl collapse ol thou undei pinning. Tho budge eufleied but 
little damage At Little Rivet the inbuibil) of the bliock. seems to have bean lew than 
at Album oi Gheenwood 

Ui James Coyle, of Album, lepoits that ho was on a hillside at an altitude or about 
500 feet He haud a loaimg none similar to a heavy Tall cr hail coining ham the «"i»" 
to tho west The earth bhook back end loith IIo was Ihiown violently to thn giouiul, 
os weie ahoseveisl cattle andhaius that woiogi using nosi Loigoioekeweioseomuigly 
equeeeed out or the hillside end idled into the uvm Tlie bees wero bhakon narthwcsL 
and southeast lie nobecd only one maximum oi Intensity Many Iwiiiw and budges 
wen thrown down, chimneys all foil, and Isige isnHJiHnp hWimri the loads 
Bridgeport, Mendocino County —An axtcnnvo landslide came down into the —R*- 
vated flelde on tho flat, wave-eut terrooe met of the rood. 


aider creek to FORT ROSS 

Manchester, Mendocino County —Population 75 Ncsily all the bifoi motion that 
we have regarding the mteiuty or Iho coilhquakc shock for the coastal etnp liotwoon 
the mouth of Aides Cieek, whmethe fault ontsn the dune horn the Pacific, and the point 
near Put Rasa, whoie it spin leaves tho ahoio, is contained in a report by Mr F E 
MAtthes This is, however, supplemented by notes by Mi W W Psh banks, of Point 
Arena, for the phenomena obsaved m the vicinity of that town and by other oberrvne 
m the vieiiuty of Pmt Rom In the following pages the statements nweiduu this hu- 
ntaiy will be understood to be e\bsols fiom Mr Matlhes' leport, unless otherwise stolod 
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ot the Fault A luge bain at E E Fitch'* iaach, tluu which the fault past, was practically 
ilemolnlied The animals in the l huh tin Innately cbcapctl umnjuied 
At Antum'b unch, on Aklci Uicek, a Ull shed slaiuu on Lho line Tl thiealenb to fall, 
but ia btill up at the time ot the \nil (May 10, lQUOi 
The wagon budge ovei Alda Check (pi ite din), which stood nsliulo at the Fault, u a com¬ 
plete wiecl The timbcre bioLo in many pha*, and the tension iods wwe L win led and in 
borne cases ictually lupluiod 

Along the Gaiua Rivet, the flumes ot (he L E While Lumbar Company ware laduced 
lo kindling ova long dibUnces Wheie llior unst the n\ei, subpended fiom stool cables, 
the end buppmls ot the lallei tailed and lei lho flume diop duwn to Lho iiva-bed 
Faithoi up, helwenn the lumbci camp aiul Uulton's laauli, ovlciuvo luiulnlidm ooauiied, 
chiefly on lno oaal sulc, wiping cut the wagon land winch was giadod along Lho nmnnijim 
slopes ImmadiaLely noiln ot Hutton's landi, n huge landslide plowod into a gum held, 
piaduang a baicsot billow} wunkles in the soft allu\nd malm ml The ouleunast lidge lias 
a bleep Float about 8 feel high and seems tc havn been thiusl henmnLdlv cvei the lei el sui- 
tuaeot the held Tlio lioiilagc ol Lho slide in tally -MX) FcaL IIul ton'* innih-houncb wnc .ill so 
badly damaged as lo become uninhabiLilile, they aic piaclieally wiookod, tho btill standing 
Rapoils Fiom Ilol Hpiuigs, east oF Ilia Gucia, scan lo udieaLe that the buildings Lhoie 
bufleiad but slight danuigo Tin* bpiings ihcinselicb had not been altealed by the shock 
Fiom Alda Gicok lo lush Gulch, and lot a shm t dibtanuo tioilh, lock didos ate a common 
Fcalute and aaika in the giuuiid, frequently liaiasing lho stage rend, due to the slipping 
and Milling ol laigo names on lho bleep lulliidau, uie loo numaous lo ue lopoitod in dot ail 
On both sides ol liibh Gulch llic load was obuliuclod by slides wlueh hud been lomoved al 
Ua time ol lho vail, but which thiculeiial to iocui 

Reviewing lun obsavalums ns lo llio uiloasily bclsraai Pint Bmgg anil Mandn &lei, 
Mr Mallhu concludes ns follows 

Tho giadual dociaiae of lho lalonsily u one liarals notUiwaid Flora Manchoclei a to 
be expoctcd, in view of lho gradually increasing distances of Lhe sovmal sotUcmonls Fiom 
the hne of lho fault (iL bang supposed lhal Ihclaltci (onlinnm with lira booting inonsuiad 
noai Aldei Gicok, N 28° W) On thu supposition llie ilericase m inloiuiLy should, iE 
anything, boconio moia markod liora Mouilounn mi, lml such is evulanUy noL lhe case 
While lho uiLaiMlv docs nol ualnunlly dillui al liusiai, il notably inricascs lowaid Foil 
Biagg, eo much no, iiidcoil, an lo auggesl a giadual > raving ol llie fuull, louglily paiallel 
williLhat uoclion of lhe cousl 11 is Lo la nol«l dial o\a Ura dislanra between FuiL Hess 
and Manoheslaii, sane 1 inilos,11io amnulli of llw taulL-lme ilcaeasusatmulily fiom N 40° W 
loN 28° W This gives a lolal ilefli>clion uf 1S° in 4S nules Assuming lhal lla cuivuluio 
eoiiUuuae noiLhwaid al a unifouu laic, Uuno will Ijo in llic laliluile ot Pal Bingg, R5 nules 
farthci noilli, a fuiLhoi dccioasu ol tla a/unulli ol neatly 18° Tlra fault, Ihauloio, may 
bear only N 15° W in Ural nciglilmihoud lluLled cu a nap, lla lino with such a ouivsr 
lum appeals lo paas 5 inilos wool of Pal Biagg 

Point Arena, Mendocino County — L'npuliiluin 300 All lho buck budiluigs iil Hip 
place had completely oallapboil (bop plalo IiKa), aiul ui Ura opinion of Urn londonls il was 
doomed wisest lo lapkca them liy fiamo bUuelinw All kiickahimuryuhad iallon, iiluslar 
had mocked and Fallon wholesale lasluon, osiiociidly on Urn Iowa floras, trail man} chop 
windows and amelia panes wrap biohcn A low wuodan buildings suflacd lioin lho 
collapse of dan undapuuung As a losulL ol lho drnck, flra sUulcd ia lho cliemual 
laboiatmy of lho gisuimar school, and lhal building, logeUira with Ua Mothodisl CSiuieh 
adjoining it, brant dawn 

The Pout Aiena ligliUliouK?, 3 miles wal of lho Fault, was Ihiawn ouL of the vciLioal, 
and in addilion sublamod sovaal hoiisonlol cracks thin its masonry It has boon con¬ 
demned as nnsafo and is lo bo loin flown Tla koepu’s dwelling sulTacd little damage, 
one chimney drawing mocks, tho olhci appealing intact The Fog mgnal was not dam¬ 
aged On lhe eonlh side of Point Arena hoibor, huge massos of look slid down to the 
beach Small look slides took place all along lho coast in thu neighbmhoocL A sus¬ 
pended flume over the Guoia Hirer sms sneaked (plate 08a) and loige trees wmo over- 
thiawn (plate OBc) 
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Thib account bj Mi Matllra of Die cttccls of the oaiUiquake in the vicinity of Ptont 
Alena u supplemented by the follmwng account of the dcbtiuotxm effected in the biune 
tonitoiy by Mi W IV Fallbacks, wlio was on Ilia giounil at tlio tune of llu. shock 
llib note covois die ucliou ol eouuliy liom Aldci Cieok on Uie noiih to Lho town ot PumL 
Aicna on the bouth, a distance of 7 luilos, and fioin the coast castwaid 15 to 2 nulcs 
'nut nolo ib dated May 5,1900 

The counhy deuiibed u low and flat, sloping mnriunllr to aea The coast fiom llic mouth 
of Gaiaa Rn ei noith to Aldci Cieek is low an37l.il, with aiuid-dunes South at the Gaicia, 
high and rocky blufle occui, except at Point Aiann Ilaibni, which is at the month ot a gulch 
tunning eubt to the mountains, tho town of Point Aienn being ou the nnithein elope and 
bottom of gulch Thiee cieek botlomb aie embiaeerl in this lenitoiy, with highei giouiul 
hetween, eomewhal lolling and mtli oulcioupings of looky ledges underlying 

Neatly eray house in the leiiiUuy deecubed woe injuicd, wiacked, oi moved moie oi 
less The intci 101 damage woe beveie Sloven weie thiown down and ■»"—*»««* into fiog- 
mentB Nenily all chimneys weie thiown to the east Many wind-mill tanka weie thioun 
rlown, those not containing nalei gonoially escaping All chuieh steeples eland intact, 
lho in some eases eopaiatea fiom Inc buildings Ail old and flimsy buildings, bains, etc, 
Bbcapad with leasL damage, many showing no injuiy oi movemonl Sliong ami btdf tiamo 
buildings eulteiod most All buck buildings in the LeiuLory weie thiown dal to the mound, 
except the govei nment dwelling and LghtHiouee at Point Aicna Many home buildings m 
Point Aiena weie ulteily demolished Buildingu on oi neat loclcy ledges, oi buildings upon 
high giound with undeilying rock foinmtion, eullcied Lhe leebt, buddings on soil giound 
os ciccL-botumis eultcied mnet seveicly 

The bhook eamo fiom a boulhcasleily direction A heavy roming eound pieceded the 
shook The giound moved m undulating swells oi waves, using and falling Mien and 
animals — hoiees, cows, eta — wne thiown to the giound, end woie unable to use or stand 
duung the shock 

A meat eiaek oi tissue in the earth, stealing fiom the sea-coast at the mouth of am™ 
Oieek and extending in a dneel line about southeast by south, tcuninakon unknown, past 
undei the luge wood and non budge ovei Aldei Cieek, Ihiowing it into lmdl»ng wood 
It past undei uie oouuu of lliobain on AnUun's tauoh, wieoking borne It then past thiu a 
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machinery — steam-engines, etc —was not aftecled in the least A high wind-mill end 
walei-lank, OSS mile southeast, woic unallecleil 1 am umunred that the shook sms 
compoiakvely slight hcio, owing to the bolul iocL loimnlion undcilrmg ITarl it been os 
sovcic u at MononaBtoi (8 mile* distant), oi Point Aionu ft miles distant), both lowoi and 
dwelling would base been thiown into turns 
In PoiiiL \ionn all biick buildings wric thiown to the giound Ham Hlieol tuns noilh 
<md soutli, all sloios and business buildings (wmxl) on the east side of the bLiecL lemoiiied 
iiimpaiaLivoly slakionaiv, liul all windows taring west in siino wete smashed, even the sash 
being Uuown into fragments lnlciioi damage was gical Building* on the opposite 
(west) Hide or Hie stiool and taring onal uillcied no tnoalqigo ot windows, but neatly all 
muiad west fiom a low incites to 2 leel All iliimnoys woie thiown east 



lui IS — UoiIhIs llglil hiHMu lain, IUh Amis 

Bmldmge lower down on (he slope as a lulo Biidoied inoio, tho sovoial wooden building! 
high up, with undoiLying took roinuilione, waio also wioeked NoailY all buildings Unuout 
the town moved went oi noilliWNl hi many eases houses diiflnl away and loll poiolios 
standing in thou old location On Uu> rieak-liol Unns many auudl eiuclw oi fiasui rs appear, 
thru which lute slalo-colmed Band luu boon tuned to Uie suitaco, toinung eonoe 

Botwoan Point Arena aiul (lindala Huso aio Tow ilwellings ami little of ailohiuLu naluiu 
could bo ascertained by Mi MaUlies in hn rcainuiaLton ol Uiat section 
At Fiahiock, population 75, Mi Jainoa V MbNumoo osLniiates tliu 
Tho town in on a toiaoo or tilic ooast 150 Tool above Boo-loval oi 
Qvalala, Mendocino County — Tho wagon hiidge ovci the Qi 
the town, was smiously damaged It qoiuhsIb of a burned thico-* 
long, with a wooden approach of aunllar length builL on ticsUea 
swampy bottom-lands on the south aido This appioodh eollf 
trestles being thiown flat and caiiying with tliem tho souLh end o 
Uttar, howovm, did not leave ils noitbein abutraonle and appeals 
It is oonsidoiod eafo to tiavel over, sltho the biulgo floai is now 
south (Bos plate 08c) In tho town, population 75, all chimn 
maclcod m the hotel and sovoral other buddings, a few small d» 
then undmpinnmgs TTmiiTinlH ortuks and finmtura suftorad 
eraekay and ^amware in the town being doatrayed 
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inaohineiy—steam-engines, eta —was nol iltectoil m the least A high wind-mill and 
walei-lank, 026 southeast, wcie unaltcclod I am conwuuil that the shook wna 
oompaiatively alight bote, owing to the solid molt loiinuUnn undcilwng Ilarl it been os 
scsoio ns at lfimriiiwiiH (3 miles ilistaiill, 01 Point Aienn (4 miles distant;, bolli lowoi and 
dwelling would have been thiown min mins 
In Point Aicna all buck buildings worn tluuwn to llio gmunil Mun HLiccL iuiib noilh 
and south, nil stoics and business nuildingb (wood) on llio oust sidu ot the btiool icmauud 
i mnpai alivoly blaLionaiy, but all windowu lacing west m same woio sinnslial, o\ on llio *4 
lin ing tluown into Ci , L m ni 1»ieiuu damage wiih gnat lluiiduigs on the upiwHile 
(west) hide at tho ■•> ■ i n>> I > •• "i n oast sulfarea no breakage of windows, but noaiiy all 
uiuvod west liom a lew inches to 2 loot All chimnoyn woio tluuwn oast 



lui ill — UoiksIn llglu-linmn loma, IMni Inna 

Buddings lowoi down on the dope as a rale sufTned moic, tho sovunl woodon buildings 
hig h up, with undmlying lock loiraationa, wen also wieeked. Ncaily all buildings UiiuouL 
the town moved west oi noiLhwaat In many eases housss diiftod away and loll pushes 
wtnjm g m thou old looaUon On tho oieok-botloms many small siaeks or flames appeal, 
bhiu which fine slalo-cokned sand has been Imcad to the surface, foiming cones 

Between P oint Arana and Qtialala lharo aie few dwolhnp and litllo of a definite naluic 
could bo ascorlained by Mi Matthn in his «™"w«ti«n of that aooLion 
At Fishiock, population 7S, Mi Jaraos F MoNomco atunalcs tho dunsgo at 11,000 
Tho town Is on a taiaoe of the coast 160 foet above B6b4ovc1 on loeky giound 
Qvalala, Mendocino Gomtg —The wsgon budge ovm the Qualala Rivei, south of 
tho town, was seriously damaged It consists of a bussed thicc-bpan sbuctuie 600 feot 
i qng | with a wooden approach of similar length built on bestles 90 hot high Unu the 
swampy bottom-lands on the south mdo This appioaoh collapsed completely, tho 
taustloB being thrown flat and oaiiying with them the south end of the main span The 
lattei, however, did not leave its northern abutments and appears otherwiss undamsged 
It is oonaidsrod sab to bavel ova, with" the budge floor is now steeply nullified to the 
south (Bee plate 68c) In the torn, population 76, all ehimneyB broke oft, plaster 
creaked m the hotel end eevael other buildup, a few small dwellings wue thiown off 
their underpinnings TTra«phnM articles and furniture Buffeted sevraely, moat of (he 
orooLery and glassware m the town being destroyed 



IfeJBEIBllALB DIBLHIBU1T0N OF \JP IRENT IN rLNUIT\ 


181 


boon bully stiainod by Ihc shock The much stands on the cast odgc or the* i !■ Ige, vtesl 
or tlio dual ala Rivci, and the lault tuns along tlie mountain sulo acvcial hunched fu( 
below it Tlio slope ii a Bleep one, donsil) Lnnboied raccapt fm ils uppci poi linn Land- 
hlidub wme Tound uvci a Lugo pail oT its suiloce, bul only m a leu isobdoil spots liad tlu j \ 
icbullcd in Iho complrlc icnunol oi the anginal surface and llic forest glow uig lluaoon, 
f-o Uial a vraw liom auobs the iivci icm ■iluil no apprecuibk 1 changes in thu landscape 
Tho slopes cnbt of the nvui were snniUulY allotted and the fallen Limliu ptmluuil a Innglc 
not unlike that ol cxlensi\c windtnlls In at least two places Lho iivpi was lrnipoiaiil\ 
daiumrd up by slides horn both slope* mecliug in the slicam bod, bul none ol Uil-su dams 
was of nolowmlhy sue 

On tlio lidgo east or lho Gualaln Valley, llic lanchcs or A aud CIirs lanoasler wcie 
oxamincd anil lound lo have suQuicd less ibunogo Ilian Casi y*b Chunnoys woio biokcu, 
Tin Dilute was damaged, and a small shiughlci-liouso colla|iscd, tho UiaL stiuoluio was 
known to bo a weak one to begin with 

BoLwocn lira lwo lanchcs a Insure was louiul voiy binuhu lo, lho amollcr than, those 
ehaiBCtaiialie of lira raull-Moo Its trend was N 76° IS No inrnkod voiticnl inovomont 
was ui oYidcnco, oul wlnlo lira Lwistod soda ami clods along its lino dooily mdioalod a 
amoll lraiisonlal movcmcnl, Uiib ooulcl not bo ascoi lamed foi look or dchiulo ofagccla to 
measuio it on 

PlantuUon llama, Sonoma County —Must or lira liouaui in this placo sUkhI lira shuck 
will One eoltogo which was moot by one ol tlie sbongesl Tault fivnuco bullciod lira 
paiLud oollapbc of its undci pinning TTul lira disphuimont ol lira CuulL not boon dis- 
lnbutrd ovci a mu 270 feel wulo iu lliw lixohly, the clestiuclran would piohably havo 
hoon much gicalm As it was, biokcu ohunneyb cuul windows and sbgjlil dnmago lo 
undupinning wcie the piuicipal destructive clleeta within lira sono 

Timber Cato, Sonoma County — All ho Hus town is lully 15 miles west of lira fault, 
the intensity win npiimeiilly but lilllc less Uian at plus's much closet lo it Tlra utuler- 
pinnmg ol oira dwelling roUapsod, all buck uul tile chimneys bioko oil, anil household 
articles and fmmtuio wise tlnciwn down with violence 

In lira blufls along lira coast and m lira nuineious lock euls along lho wngnn iowl, lira 
looks appealed loobencil up, many okl iimuies having opened ami li It the lock masras 
in man ci less unslalile pmutmiis TauukJulcs, hi rocky ns well no in loose in&Laiml, liave 
oceuinxl m a gieat iiiiiiiIk* of placid, lira mnra wise at all ealonsivo 

Fort Rom, Sonoma County —At Vm l How, 0 76 mile fioni tlie Tnult, (lie mteiMly 
of the abode was piolmldy giealer tluui lira nilunl (luiingc would Inilieule The old 
Russian Chinch and several ollrai buildings sullcicd tluu oolloiiso nr llrau undci tunning, 
but all in a fan stale of icpou nlnod tlra ahock, as did tlie meue leeenllv lault dwellings. 

Tho dwelling of Mi Cl W Call, luniniclnr of lira plaro, was violently shaken The 
laldo was mated acioss lira (lorn In lira smilli and ruiniliue gencinlly was Uuown to the 
giound Thcio was much lnoken ciookeiy ami fdnsswaie. Tlra oonlenls of a panliy, 
ooDBialing of jus of picaoivod huit, wne iraaily oil tin own bom lira shelves Jn cleaning 
up tho wiock aftm lho slraek, 0 wlraelhniiow loads of biolcen objocts worn praknd up oir 
the floras of the rooma la Mi Call’s loom a high caso was Uuown oraota tho bed in 
whuih he waa sleeping 

Mr Gall statoil that in his noighboiliood banging lamps woio oausod to swing in a 
circle onicspoiuling with the appaiont movoment of the sun. There wcie aovciol shocks, 
quickly following oach othai, lira fiial waa not tho shongoat They Boomed to mucosa 
m foioe up to the thnd ra fouith anil lo eomo from diftoicnL ducelions Hie judged that 
theio was a ahong veilieal impulao Chimney tops woio Uuown oil, some chimneys 
being shattmed to lho bottom Many redwood and pine ticos wrae biolcen off, some at 
tho ground, being upiooted, but gomually biokon about halfway up All loose hum- 
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ture was turned oven, and a few hame buddings net upon unbraced poets weie shaken 
down The tendency along the fault seamed to be to crowd the two ontea togathei, as 
a water-pipe in one plane hod spiuug up in a ouive out of the ground The tact that he 
found no tieca broken at a distance of more than a mile from the Fault indicates to Mr 
Coll that the shook was much stronger neat the fault than elsewhere 
Mi Call leaded ten some yesis on the South Ameucan coast and had oxpcucneod lha 
riuutious efiects ot sea waves consequent upon eai thquskes m that icgion Tlie moment, 
theiefoie, that he felt the dioak he tuinod hi* attention to the sea, which is m full view 
of his house He lepaits that it was poifectlv still dining the shook and afloiwards 
South of Fmt Ross, at Doda's lanch, a laige bain shout 160 feet we-l ol the fault was 
found lesning to one side on the veigo of collapse Several of the dwellings and othei 
Binnllfip bathes had dipt fiom then unileipinmng All the ehnnnevs hod been broken 
off 01 destioyed, household si tales and fuiuluie had been thrown down, but no window 
^ass had been shotteied or men mocked. 

Mr Dock's daughtei Btated that she was standing in the kitchen at the t-wnn of the 
shook, and was lifted vmbeslly from the flaoi rawe than once, in each case alighting on 
hot feet A loach hand who was out-of-doora at the time stated that he saw the water- 
tank thrown veiUcally upwaid shout 5 foot and then fall in nuns 
In the foiebt between Plantation House and Fait Ross innumerable trace, many of 
them isdwoods (Sequoia semprrHrsni) of conariaraUe sub, hsd broken oft enwm dwtawim 
from the ground (plate R9a, b), oi hod qdit lengthwise from the roots up Some were 
upiooted sltogethu, ss if by a hunioano No particular preponderance in dueelion of 
thiow was noted Tieos on the lmo of the fault wore as aiule split vmbcally and more 
oi less twisted In some cases the butts had actually been sheared A flue hmh-j»««w. of 
this may be Been on the stage road ISO foot asst of Plantation House 
At Beavmw, a post-office on the summit of the ridge overlooking Fmt Ross and prob¬ 
ably 1S miles from tba fault, the shock a dcsenbod by Mi Mdgau, the occupant of the 
only house these, as very yiaknt In a loom with two beds, one moved sciosc the zoom 
to the south, the oftyer was lifted from the flora The chummy was thrown to the noilh 
On tho wagon rood from Beaview to Csoadmo, the steep bank of the readouts, generally 
of disintegrated sandstone, hail in numerous plmw shd down upon the load 
At Coxodeio the shook was Bsvme and chimneys wmc generally thrown, but no build¬ 
ings who wieskcd, all tho stiuotinea being of wood Mr H L Conley, ot this pi«™ 
stated that accotdmg to his obcaivation the shock was from noith to south, chimneys 
felling couth In a Btore the ohuf walls of which tiend nmth and south, haidly any 
damagB was caused Some pustules hanging agonist walls were turned around so as to 
face the walls There seemed to be two maxima, tho hamg the uPmi jmi 


HETWEUf THE GQABT AID THE UPPER PTIHbtaw pm 

Fm die tcintoiy between the coatt and the uppet Rumian River Valley, we have the 
following notes bj'Di H W Fairbanks 


At Gemerrille the shock was mush leu severe then at Santa Roe* Chimneys and nor- 
taona of buck walls were thrown down The chock at Skaggs Springs, B miles w eat of 
Geysemlle, wee not severe Chimneys Were knocked downTbut no other wbs 

dona On the summit ot the ndge. fl miles west of Skaggs Springe, chimneys and crockery 
ware broken, tho shock spnarmtof'being fully as severe ss at Skaggs There anno other 
dwellers slang the Stewart's Pont rood until withm 2 miherf aS Turf f where the 
sms ot oouno severe 

Another seotion is that asross the country from Pomt Arana to Cloverdsle At Boone- 

vjlto, m Anderson Velley, there u qintan settlement About half the chimneys were down, 
and Dr. Diddle, apparently the best-informed man m the town, thinks thstths w wig 
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somewlint moie se\eis than at Ukiah Booiim illo is a little mote Limn luill way [mm PnmL 
Aiena lo Ulciah Ton miles soul he j si ot Boonpulle on LhoCloicidnlpioiil, >ipoint•ilillli* 
neoiei Lho Russian Rivei \ alley than Bnonevillc, no iLunsgo to spcik ol was done, one rlimi- 
ney baing slightly i lacked Hi\lccn miles southeast of lioouci die, a liLLlc iiune llinu lull- 
nay bclnecn that place and Clavonlale, milk was thrown out ot pant and liousob b'ullv 
shaken Al u house a hall mile away cicaiu upon milk pan’s was nol buikcii On Lite moun¬ 
tain 5 miles west of Clovcnl lie Uipip was no dninige done Two miles wi>tl ol Cloicidile 
abouL half lho chimneys weie biokon The town itself docs not vein lo ha«c sulli'iiil 
tnoio than the n"uugo plw c along Lho load Most of the chininiQ b wuio liiuiulv uai knl ami 
nol ihiown down 

While Ihoir seems to liavo been neat vauiluiu in Lite intensity ol lho shock in I lie mm - 
lions liavmoad, it is not cleai lhal llicic was any incipuso m the uiLciimI y ul llic slunk in ilie 
diiecuon ol IhefBuvuan Rnei Valley at points between it and the const 

Supplemental v Ip Ihmo notes by 111 Fan banka, Ifi John L Pinthrint Philo, lepoi li 
(haL at lhal plncc^liiinncjb wcie Lhiown down and biokon oil above llui tool, anil in 
aomc cases turned quailm nay louiul, olockwi&c Ql.isswuo and cioekci) woie gmo 1 ally 
biokon and much damago was done m btoics and twmhousos 

I HEALDSHUBft TO WILLBT8 

Ilrali'intig, Sonoma County Populalion 1,870 01 S Ilalwnv) —Tins plnco ionics 

m»\.l to Santa Rosa in (ha L\.(cnl ol damage duno to lowiib in doiuniu County The 
shock sms (lchnilch less seme, honcvci The now 3-stoiy biiek building of lho 
OiUl Fellows SocioLy is a total meek, as aic scymal othci buildings, but many buck 
stiuoluiCB stood the shock without sei ions damage The acmoteiy is on a low hill 
sinuliu to that at Simla Rosa, ami a* at lho lallci place not ovci hall Ilia monuments 
full Of 35 sqiuuo inonumciilb ol the snmo ohms, llio dneobon of fall was as fallows 
noiUi, 10, south, 11, oast, 10, wool, 8, southwest, 1 

'Along Um* bottom-land ot lho Russian Rivor, crooks lioin an liieli In a fool m width 
oiiencd al savin al places 

(II R Bull)—lliecliiwtionol IhecnilhquakcnlllanldaburgsccinciUo bo from noilh 
In south dm mg tha cai ly stage uf llio dislui banco Fnllcwing this was a ilraulinl pause 
altondcd by a quivoung motion, then followoil a vci lical nun cmcnl Rllumlrd liy a gioat 
lumblmg noise like lliuiulei, lastly, lho distinct osciUaloiy movomonl which eoulinucd 
thiuoul 

A piano with its back close aiuunst lho noilh wall was shifted 3 feel almost diieclly 
lowaid lho aoudi It was evidently lifted anil lolled Miiiullammuslv, sime the Imse- 
honnl ot the piano was Uuint out upon lho floui olicad of tlio piano V, dock on a south 
wall waa lhiown 5 feet to Um rnnth, while a clock on a noilh wall was thiown to llio 
south PlasLumg on walls r\tcndmg noilh and south wns badly hioken and seallii«l, 
while lhat of lho ceiling ami the walk axlamlmg cast anil wesL was onlj slightly injuicd 
Ono chimney wns hi tiled lowaid the cast, anothm tow on l the south Noilh ami smith 
walls ol a buck dwollaig 40 fact mnth ul lho liamo buililing abovo ilosoubod woic thmwn 
lowaid tlio south Fmiutuic m this building was shiflcd also in a simiLu manual 
RwMilpnta gcnpially sgioe as to tho grnaal movomonl being from noilh lo south 

Fissures m tha clock bid neat the town ue in evidancc Watci was thrown out ami 
continued to flow fm sevctal houia, at fiibt with aomo consnlciable face, then it gradually 
Himmiwlmd ami final]} ilisnppcmcrt Buck buildings weie geneinlly injuiod and in some 
instances lhiown down (Plato 70 a, b ) Many hiiok walls facing east and watt wae 
buckled cithei in oi out, hccauso ot tho movement from rnnth to south ot the nmth uul 
south walls Chimneys goneinll) tell mnth a south In some cases Urn oecillatoiy mo¬ 
tion caused ehimnoys which hod withstood tho noilh and south wa\o to lall m othei 
dueotions 
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(Gcoige Madena ) In the bcd-ioom a hoavy walnut and nimble composite buioau, 
mounted on lollei* and weighing 400 pounds, was moved towaid the centrai ot the room 
by the fiiat wave motion, which was noilh to south It then (Mined so that the huge 
imiioi auimounting it was due ninth In the house oie thioe chimneys built dote to- 
nthei One chimney above the ioor fell to the south, but bcneuUi the ioof one fell lo 
the south, one to the noith, and one to the oeal, on the ceilings of the bank pmloi, dinmg- 
ioom, and siMing-ioam lnpcoUvdy A huge pin glass S fact high, with a voy hoasy 
mmble hose, nns turned noilhwanl Thne wno two maMma m the shook anil the 
dfflK H irf W as the nioie violent The first was tiom noilh lo south and the second horn 
Obt to 'veht Not a building escaped damage to some extent, whether mode of wood, 
buck, oi Their wme five buck buildings derfioycd Mi Modena csluuatm Uio 

loss at between 1200,000 and M00,000 Along tlio neek eiul livn bottoms the cailh nas 
finned and walei was faued up which, in some instances, Hooded tho oichauls 

Alnandn Valley to Mi St Jfrfuta (H B Halwey) — This tup was mode m oidoi to 
cioss the hue of the tault dcacubod by Mi V Ownont 1 on Lha southwest slope of tin 
mniintmn No ugu of icccnt mmunent was Been, howovn, end no lepoils of necks oi 
landslides wmo obtained Thmo me few hou<u> hom which bo obtain lapmls Bonio 
chimneys tell as tin ns Kellogg at tlu> foot of the mountain At Nays — deration 
about 1,600 tcct — mid at the toll-house sonlheast ot the summit — elevation almuL 
2,800 foot — a sevaiG shuck waa lepoited, but nothing was ahaken down In climbing 
the lost 2/100 feet to the summit, lrngo bouldna wne fiequently aeon balnnrod on points 
and jet not oveiturned by Uio shock Tho urtcnsily docieeaod horn IK at Ilcnlrlbhuig 
to about VI on top of tho mountain 

Alexander Valley is pail of tho Buvaon IUvci Volley lymg east of Lytlon Spimgs 
Tho mam budge aaosb the Russian Hiva was winked, the taada-woik pail going down 
Tho faiidgB was old and was to hare been lobuill this yom. At tho east and ot tho lnulgo 
mack* um the load, nathweat lo southoaxl* paiallol to tho nvei bank Theso marks 
appaai aL interval* noithucstoily, at least as Lai as the laneh of Bcr E U Wme, about 
a mile up the nver Tlio maeLa vai j uom a few mc.hca to oxra a loot in width, and hid 
B f irpptnnpBi 200 to 800 feet long, xoughly pmollol to tho inci Hi Wmo slain llial Hie 
shock thiew the uvei wnlm upon the eanidbais to such on extent thnl lie found hsli thmo 
dining the day OLhoi macks me lepmtod a mile or two nmlhwatd Sulnulcner fnv 
quonUv oeeuis whme the ciackx me nom the hank 

Ciacks in the Ru.Mnn Niki Floodr-phnn (R 8 IEolway) — (hacks liavo been oliserved 
at mleivals in the alluvial banks of the Russian Rivei bam nem its mouth lo \lexamlci 
Valley, 5 oi b miles noithcobt of Iloaldsbuig These eiaoks are sometimes 100 yrnds in 
length and ham a few inches to 2 root m width Sometimes neat tho bank iliac will bo 
a deep (null 5 to 0 feel m width nnrl 100 tcct long, os shewn m tho phologi aph of the amok 
at Monto Rio Tho duoclion of tho ciaaU is molly paiallel to lha bank of the uvm oi 
tlie bank of somo small tiibutaiv At Duuoan Milk the clocks ion noithand aoulh alxrvo 
the biulge and nearly cast and west just bakiw the bend of the nvcr Al Monte Bio 
the}' me east end west In Alexandra Valley thov rnn noilh and south, while a mile oi 
two below some me found neaily oust and west running up a small tnbutmy 

Maacama Shde, 6 miles eaeteily Aon Healdtbttrg (R 8 Hoi way) —Thi* slido is on 
the noith sale of a iidgs that runs m an easterly dncation and that is at this point horn 
235 to 800 feet above the bed of Maaeuna Gieck, which rune along the fool of tho noith 
slope Mr Hugh Simpson, whose haute is just beyond the foot of the elide, states 
tho entue slide took place at the instant of the cmthquilm The slido is about 0125 
mile wide at the top and about 0 5 mile long The look n a very light* porous, volcanic 
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tuft and Bccnh to be fico Fiom water A xlickcn-euled wall on Iho cast shows a vmy 
smooth suilncc in apite of the soil lock Shu ncai Ihu lop xun N 13° W mill a piteh 
of about 24° Tho slide seem* to have taken oft vine oL lliu Lop of Lite rolgo, that n, 
it btnilcd a Few foot down Uio aoutli slope of the lulgr, cut its way thiu a fh foicat and 
dammed Maocoma Crock wiUi locks and liccb Eitlim two auccfesivo slides ocouiicd 
oi el<e tho uppci pail of the mm mg mass was ancslod pail way down, foi a bank with 
the vegetation ol tho top tests aoioes the elide aboul onc-thnd ot the way down (Bee 
plate 121a, ») 

This elide was subsequently visited fay Mi G K Gilbcil, who eonbibulve the fdUowmg 
supplemental)' note 

At Maiuama schoolhouse, I nw the laige landslide desoiibed by Piofurau Tlnlwav 
The looks involved ue in layeia, with a dip of aboul 30° m tho dnoclion of the elide It 
is Iheiofore piobable lhal the slide was pailly dcLerminod by Lhe dip, tho il ecome to liavo 
been luitbei dctaimined by the eiosion of Uio valley of uaacama Cieok The shock at 
that point was notably sliong A young man living close by told me that he was waloung 
two hoiBea at the lime, and kept his leeL only bv holding on Lo * pump Both hoiscs wore 
thrown down The house of Hr Stimaon was thrown from the pegs on which it Blood, end 
all buck chimneys in the neighboihood wen broken Hie and othns mentioned numeroiu 
crocks in the bottom lands a mile to the noiLh, and especially in the bottom lands of the 
Russian Rivoi at its neighboung large band 

QoyeoivxBe, Sanma Comfy (R S Ilolway) —Shock lepmlcd north and enuth and 
noithweBt and aontbcaat Several buck buildings wcie badly crocked and lope of fno 
walla Unown down The noithweat wall of a butchci shop (buck) was thrown out 
against an adjoining fiame building, which saved the buck building from an cnluo fall 
Ilalf oi moie of tho chimneys wmo ropoited down Goode too commonly thrown 
from sholvmg m stoics The oomoteiy 1 5 milca noithwcst in Lhe low hills was nol dia- 
tmbod The bridge acioss the Ruwuan Rivu at this point was unhuii The town le on 
the weet side of tho livoi, on alluvial tenacos 

Clovadale, Sonoma Comfy (R 8. Holway) —Tho uppci walk of a busk building 
neatly opposite (he United Slates Hotel were crooked ao as lo necessitate partial tebuild- 
ing A 2-elary buck building on Fust and Weet shoots wbb unhml except foi ciaoked 
plailming The shock was loparled nmth and south, goods wme Ihiown noith and 
south fiom the east and west walla In a 1-etoiy busk building at Bioad and Weal atieota 
goods woe thiown hom tha wall facing nmth In the giooeiy opposite the United 
States Hotel goods woe Unown mostly fiom tha wall facing south The inspectm 10 - 
pmla that he has condemned fom-filths ot the ohimnoys, but moat cslimalcs agroo 
that not over one-foui(h foil Mi Scoll lepaits that ho went ouUot-doois dining 
tho shook and that distinct waves m the ground oould bo econ moving from tho watt 
loweid the east The cemetmy is on a knoll on the bank of Ruuan Rivoi, end aullcipcl 
no damage except the fell of a vase fiom the top of a tall monument This foil lo tho 
north 

(M C Baer) On m about tf 1 3(F f h , April 11, a alight shock (class III) was felt 
The gramal dneotum seemed to be east and west and to have a trembling motion The 
next shock came at I? UT a u on April 18, and was of about class Vin The motion 
was at fhst oscillatory, but seemed to end up in a senes of jmks Thmc did not seem 
to be any general direction AH chimneys wme crooked, many windows wme broken, 
and many bnok chimneys and buddings wen shaken down The bricks of a chimney 
from a building about 30 feet high wme thrown Bonthward about 70 feet Generally the 
chimneys seamed to have shifted or fallen southward, but in some oases they have tended 
to go in other directions Many telephone wiree were broken In moot cases water was 
quit bom water-tanka on all aides It is reported that the watei of several streams was 
partial!) thrown upon the banks No crooks in the emith'B surface have been reported 
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Ukiah, Mendocino County Population, 2,000 iR ti Hoi way)—A buck, building 
owned by Mis White wie so badlj damaged that il n being taken down Tlio noi tli hio- 
woll ol tiie McGlashan Building was t hi own down aiul Liu. euginc houee is lepoilcil un¬ 
safe Mi Cunningham, uepoctai ot chnnncvH, icpoils come 30 Lo 40 actually down, 
but probably onc-foui th of all clumney» condtiniird Sc\ton RqgLis lepoils no daningo 
in the coinileij The State Asylum Ini the Inmiio, a lugp buck building, ib east of Llio 
mei end some 2 miles nwa\ The gabion till out, cnpmg aiul ornamental stone* tell 
bom walls, and i hunneys loll goncially wad « cast In ono case, w heie a oluniney was 
bioced bj an east and west iod, the woslioi wne pulleil Ihiu into tlio Hue, but the chunnoy 
lemaincil standing At Viahy Spi mgs a gi oatly mcicased flow ul wotoi is i opoi led Tlio 
watei wafi nulky tm a tew dayu Ih'.U'BmmI tcmpciatuic was icpoited, but no Lhcr- 
mometn was used to detoimmo this 

fGco McGowan)—Tho town is piutli on bottom-land and pailly on a bench slightly 
above tho bottom Thae is no lock nun the suifnie aiul nano of the oidmaiy walls go 
to look, but pass tluu waslit grovel and olay Ukiah Valley is approximately 12 miles 
long, aiul 2 5 miles wide, lying about nui ib-noi Lhwest and Mnithooutheast, and sui- 
roundad bv mountains Rumibu Riva onteis al the naitii end ot the valley At Ihiu 
place il is at the extreme east side and oontinusa nooi Liu. coal side to its exit at the south 
end The giealci put of tho valley flora i« alluvial fill It n ncsily Level axncpl Toi a 
depirasion toivud lha soulh lo couahpond with the giddo of tlio moi Ukiali is a lilllo 
to the west of tho centra lino of the a alley and about 4 miln boin the noilh end Thcio 
aie seveial deep cannons at light ingles to the vslkrv m the bon Ira mg inountuns 

In the town a 2-etoiv buck building, i at her flimsily built, the honl being bcL on 
pillua, was canted about 0 inches to tlio south, bicsking most of Iho pLilo glass id tho 
bout It shuck against a 2-stoiy buck building jut ouinpleleil, also sot on pillus, 
and tho lnttm was Bet oisi neaily a loot anrl the walk bully clocked The groelra pail 
of a long bio-wall on the ninth aide of a 2-ehny buck huilding fell and an uinra wall 
that soivod as the coding ot a stall way was badly ciaoked AI nge nnmlir.i of chimuojs 
were dislocalcd and aoma wae thrown down Samo of oui woll-built aliuotuias suflmed 
Quite a numboi of houses had the plosionng moio m km clocked The loilioed lost a 
luge watm-tank which was thiown down end domolishod, Urn a huge oil-tank nrau by 
appeals to be umnjuied Tho shock caused an old shoct-unn tank lull ot wain to bicak 
loose at numinous points mound the bottom aiul lama He contents in shut aidai Of two 
pendulum clocks one was etopt Chimncyb and bu^e objOLts were tiuown. to tho lunlli 
aiul south, some one way and some the othei, ami *nno cbmincvs that weio not thrown 
wcio dislocated and turned poillv mound, m a dncction oppohito tho appaicnl motion 
of the sun The elcctue-light bulb lugging ovoi my bed swung kst hf-lr and lmtii, then 
changed to an ellipse anil finally almost to a aide Thrac were Lwo pi inn pal ma\mia, 


south-southeast and tins was succeeded by a twihtmg niotiou 
Mi S D Townlcy, inahaigc ot Iho Inhgnalional latitude Obacivatoiy, lmdo&oulh of 
Ukiah, leports 

Many chimneys were thrown down bom 2-stoiy buildings, and also from cottages 
One new bnek stole building just neaung completion woe so badly crocked and thiownout 
of plumb that it is nrceaeai j totem it down, and uverel other brick budding* were damaged 
to a neater or less extent The paitirulus aie given in the Ukiah Presslor Apul 27 A 
rough estimate of the number of chimne\b in town would be 1,000 P B Westeiman. 
teacher in the Ukiah High School, icpoil* tliet 120 chimneys fell, most of them eithei to the 
north or south At the Asylum on the eastern side of the valley, chunnoys fell tc the out 
or t Cjinetorr monuments were not oveitinown One chimnes on a house 200 yards 
southeast of the Obsenatoiy was badly crocked J 

At the Latitude Station no damage whaleiei wu done, qltho the shaking was the most 
severe ever experienced by the wnter Dishes rottled, nulk wu spilt from p«"» I' tt to 
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initio lluii liall lull, anil fowls anil otliei ilmncslir ammilh weic veiy mueli peituibed 
TIipii a nun ot shucks, anil ldiahlc estimates nl llii'ii duialion v uy fnini 20 seconds 
to 1 iniuult 1 The guioial diierlinn second to lie limn southwest tun ml noithaisl, 
liui nllipis il[ioi( a ilillpient iluciboii The Ukiuli Valle v is suuouinled by mountains ul 
i nnsuleialilc altitude, anil it is piokildp llial wune nt the shocks felt woie ielln Lnl liom (lie 
iiinuiil tins lit nu it is 111 il I lie mil luiii.iko is geiiPiallr spoken uC a*, a " twistci " 

Tlu> ObfaPitalnii cluck wts wilslopl.liiil it Inst fi seconds ilining tlie cIiiUuImluip, wliu b 
is equivalent l» being slnpl Ini that lrnglli nl lime mul I lieu sol guing ugnin Tlit Oliseiva- 
tiny inof u built ill two set dims, ulmli lull upon luiii/iuitnl tiaiks, uisl uml went, giving 
all »]wmng ot nbmil 1 8 iiipIpis 1m ulisoiviiliou WIipii closed tlie two [mils me liisleiust 
Ki0( tlioi b} means of n lunik and cyo sue li os lie used on ueieen cliuiis 'Flu* hunk tests 
in i lioii/nulal pusilum and die bend nl tlie linnk in a mriiilinu piano Tlie elleit ul tlio 
eai I lupinkn was In uhl islcn this hook and u|)ni tlie loof to t lie wulLn ut ahmil SMI eenl mu lets, 
my ipuiUplIioii being Hint the custom I tall wiu> uuivod about Iwirn iib fai as tlie niilcm 
Tlu piGi upon ului'li the ncmlh IcIcm.him* ipsIs was nupnicnlly nut dumiigpd, but (he lele- 
si npc was lluown eonsuleiahh out ot adjustment ft was out nlmul lfi umsuuIh of nu in 
a/unuth oiul Llic a oitie il iims ivns out in lxitli iliicotums, but not much inuio tliau snuiplutics 
lesults liom cslicme Llungcs in leinpeuiluio 
Hie Inal soups ot uluiLks wub billowed by tluee ligliloi shocks and tho obsoivud dal i foi 
cneh uo ns follows 
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The times ate cancel willun 3 oi 8 seconds 

1 was in (lie nbseivntoiy at the timo of the Mieond bouos of shocks, IP 4", and poiocivod 
the olloet el tlus nuivemcut in tho studing level (east nml west) at the renilh telescope 
The bablilo osullalod ovoi about 2 divisions of tho luvol Tlio vnluo of ono division ia 
2 2", mul Ud the diskinro liotwccn the aunt and west loAoling t views of tho msLiiiuieiiL is 
nlmut 13 inn , tlie disluilnuiee ptoduced in tho bubblo wns cquivalont to tlus ctleeL of imning 
mul biweiing ono of the lauding snows by 0 0005 lentimoLer Tins sliork wan loll veiy 
iliHlinilly and it m piolxthlo that the nmlh and south toiupononl oT tho motion was much 
gioalei Ilian tlie east and west enniponont Tlio louilh shock whs not foil nl ull II was 
detected doling tlio piogiocs ol latiluilo olesnvalions, by a movement of the bubbles or the 
latitude levels Tho oscillation (noiLli uiul -aiuth) was about ono hull or olio ilivuunn, null 
Ilia vnluo ol one diusion in 1 mill 

My estimate ot the inlousilics fin the torn sluuke given above would lie, lespetlively, 
VII, IV, UT, I Tlie Oliseivnlmy is nlmul a mile south of tho city of Ukiah, and it seems 
cpiLoin that the amthquako was inoic scvoicia Ukiah than nl the Ohsoivatoiy TIip inten¬ 
sity ot the liiol shock lit Ukiali nould ccitmnly not In less than VIIf, possibly IX 

The ducoLion of all sheiks «as nouthwosL to noillicatl, ocunding to bodily impicssion 

iriUMi, Mendonno County (R P Ilolway) —Buck ehimnpjs wno quito gptunnlly 
wi coked The Rucknci Hotel was completely dcmobslicd One wall fell at the Imm ot 
tho ahock, killing Mi Taylor, tho piopi totor The buihbng finally fell at IP 20" v u 
Tlio atiueluio was lmgely liamo, with mme buck atiicoi Tho stolen ot the Iivmc Mini 
Company woic badly wiccked Fuc-walJs fell, plostoi, shelving, and goods weio thiown 
to the floor Buck walls Fdl m scicial otha atoies, and homo buildings woie in soma 
cases Lhiown fiom thou foundations Small docks aaaaa some of the atieets sraie io- 
poilrd, but thoy me not now visiblo All buck buildingp wno damaged to come ovtent 
A tank 2 oi 3 miles to the coat thiew the watci out on the not thwest and coulhcast 
Colonel Ia Motto, at the spawning station 5 nulcs noitli of Willots, Rioted that the watei 
ot a pool 8 to 12 feet in diametei and 2 feet deop splashed out on the south and south¬ 
east, wetting tho pickets to a height of 18 inches It did not splash out in any other 
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duection The valley u an old lake bail with pound watei withm 8 to 4 feet of the sui- 
faoe m Apnl (Bee plate 78b ) 

At Hemlock, 14 miles east ot Ukiah, the sliook, aoemding to a lepcnt by Mi C D L 
Bowen, had two maxima, the second bong the ationgu A lotaiy motion wns felt, but 

no Haifiagn m dODB. 


CUAR IAXX DISTRICT 

For the Choi Lake dishict to the eaab of the Uppei Russian Rivet Valley, the follow 1 - 
ing notes aie fiom a repent by Mi C E Wcavei 
Hophnd to Lakepoit —Nothing of impoitanee was obscived along the load fiom 
Hopland to Highland Spungs At the lattei place one chimney fell No ciackb noi 
fissuies could be aeon Rom Highland Spimge to Lakcport no macks umc seen, and 
upon inquny none wme leparted The damage to buildings was ahghL, only a tew chim¬ 
neys weie thrown down 

At Lakepoit ecvmal buck buildings and one fiamo building wme putly deelioycd 
A buck building woe completely destroyed and most of the chimneys wme thiown down 
Many ohimneye not actually thiown woe twisted, and m cveiy case the dneolion of the 
rotation was dookwiao All 6 chimneys ot the high school building weio twisted thiu 
an angle of about 20° Clocks m gcnmal stopt No fiuuiea nm ciabln aic Kpoitcrl oi 
were found The town is built on alluvium. 

Uppei Lake —The intensity of the shock is said to have been gie&tei at Uppm T-ni™ 
than at Inkcpmt Thme oie, howovm, no buck buddings there, and only chimneys 
went down No eiaeka nor finures were formed Tins town n aim on alluuum 
laurel Dell — A mack having been repotted at Blue Lake, neat lain el Dell, Mi 
Weaver visited the place, but tound only a mlnm slide on the loadside At Inmol Dell 
and Blue lake Hotel chimneys fell The Gist stoiy of Inuiel Doll Hotel, built of stono, 
was not afteeted No macks nm fissuies were aeon m lepoited between Upper Lake and 
Inkoport 

Lakopart to Louw Lake —Between Lakepoit end Kdsev villa, a distance of 0 mdn, a 
few ehimnova weie down along the rood Houses are few, however At Kekoyullo, 
on a wide alluvial flat, hunk buildings were somewhat damaged, and chtmneyB generally 
wme down The shook was lapmlad to be of about Ihe eame seventy ae at Inlmpral 
The shock wae desmibed by residents as having had fust a noilli to south motion, then 
east to west, then a twist One mile south of Kolieyville and half a mile to the west, 
at the place of Mi McLaughlin on the Lowei Lake county load, a mack waa found in tho 
alluvium out of which gaa escaped, burning upon ignition About one mile noith oie 
gas wells m the same kind of look, the gai being obtained by ban ing to a depth ot 105 feet 
About 3 75 miles south of KbIsovyiIIo an the toed to Lows Lake, at the ranch of Mi 
MED Bates, is a mack varying in width fiom] to 8 inches It eioescs tho road about 
20U feet below the house At the light of the load going south it meases the meek ■««! 
can be soon no fuitfam At the left of the load it peseta up the hill towaid Undo 
Mountain for about a mile, but is not continuous Non the rood two nmnll trees stand¬ 
ing on the crack have been paitly uprooted and a fence poet has been thiown out entirely 
Tho nude thru which the anok panes is alluvium and a loose, umnnilitUfaMi congfomei- 
ate It apparently does not pauthiu the haidFi one man lodn In places there aie as 
many as 10 paiallel masks, repainted by mteivak of 5 to 10 feet, which could be booed 
for only abort dictation On the right ante of tho road, about 100 feet south of the 
cracks, stands a eohoolhoiae It has been slightly tilted to the south Tho chimney, 
made of tana cotta, is bent to the south The chimneys on the house of Mr Bata fell 
On the side of Mount Konocb, several large loose boulders were to loll down, 
but no Imdshdee nor araoks were obemved. 
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Cache GieeL Canyon — On Sunday, Hay 1, a taiga slide octuued on tho miIp of Oacha 
Clock Canyon Mi Weavei viulal thin and lrpoiLs lhal Ihr slulc occuucd about 4 
miles below Ifao junolion of the noilli and south bionoliaa of Caclio Creek Tlio click 
hue (Iowa thiu a canyon not mono tlian 1,000 fool wide, with strop walh on cadi sale 
Al the |joinL whrno Ihe slide occuucd, Iho neck mnkes a band Tlio lock which blul ib a 
lod boiulblonc The distance hum the cicck to the point whine Iho alula begun n about 
600 foot The width oT llie slide ih about 300 tcol It occunod on the south side ot tlio 
canyon and dainmod up the lattoi to a height of 00 feel Hie wata I 0 b 0 to llial level and 
ono week lalci, May 7, the dam lnoke and allowed tlio wutu to &capo down the valley 
Noaily all Ihe nialciial was earned oil by the valor 
Al the base ol tho clitt where the slide oocuned aio acvcial voiy hugo springs; it is 
slated by Mi Biainaid lhal bpnngs weie common at llio liaxo Iwfoio tho slide ocouired 
About GOO feel back horn the uppci algo of tho alido Uioio is anolhoi ciack, having a 
wullli of fiom 2 to 6 inches II is about 300 fact long and tlio mm* of reek in fiont of ll 
appeua ready to slip No ollici cioeka were seen 
\l Middloton the diock was not especially bgvcio The Iniok hotel was not injured, but 
xomo chimneys were down 

Al tlio toll-house on Mounl 8t Ildcna no chmineys weie down and tho diook was 
nob ihiicoially severe 

M Oat llill, al on elevation of 2,000 foet, on a mountain slopo toeing oast, Mr J J 
Multci lopoils that no ilamoge was suitainod m eonbcquoncc ol the eaithquake Tire 
shock eompiuod two puts, of which llie second was Uiu bliongn Tho dnortion of 
movement was noithwut and soullicsbl 
Vtcmily of Uppa Late —Chaika MiHlin Hammond Bays 

I live aboul 4 miles aoulhesst of Upper lake, in the appioumale latitude of 30° 10* N 
and longiluilBl22 a 4A' W ,atan clovalion above the aoa of 1,860 leel, and uboul 60 feet above 
Iho surface of Clear lako Tlio houbo is 46 by 00 tool, wall built, and a etmy and a half 
high In it I have a collection of about 70 clocks, ol all ages, styles, and makes Tluso 
•stand on manlelproccs, on shdvce, on the Horn, on bookcases, and mine aie hung on the 
walla I have no absolutely collect lime, but on the morning ot Apnl 18, between fi* IP 
und 6* IP, my wife and I, who weie asleep, ware awakened. by a violent reeking ol llie 
house Wo jumped lo a ikioiwav and Blood there fen aboul 2 ininulos, llio house gnulually 
coining to a stale of lcaL fiom its violsiil locking and swaying, and a reuiing noise passing 
olt in a soulhwobl dueelion This dncoliou u coiioboiated by some of the man on tlio plane 
who were up at the time Tliny all said that they suddenly houd a noise in Iho lieoa oa the 
a heavy wind was blowing thiu them, and that the tumbling past away to Iho aouthweat 
Thera was only one maximum and the movnmenL certainly oame fiom the noilheabl 
I at once inode an examination oT the house The south west loom showed the greatest 
distuibance Fiom the top ol o small bookcase facing west a laiga china xaso was thrown 
to tho (loot and snmlMfl On my desk, toeuig notlh, Blood a spy-glass 2 feel high, which 
waa tipt ovei to the southwest In the southeast comai loom, on a mantel toeing southwest, 
a vaaocf flownswaa tipi ovei to the southwest Piacticalh eveiy one of my pendulum Blocks 
had a topi, with two notable exceptions In the southeast cornoi loom, there stands on a 
btnall shelf taring noithwrst a vciy delioate Empue clock, which a sheet of papei put unriei 
one leg will slop The dock kept on tunning, ns it did Lhiu all ot the lalot earthquakes 
la the southwest cornei room there is anothei delicate dock standing on a bookcase facing 
southeast This clock oauses me a great deal of tionblo, os the slightest venation in its 
level slops it, yet it wsa gome aftei the main shock 
At 10 o'clock that morning Lhaie waa anolhei shook, whuh was not very peiceplible, yet 
it eaused the above clook to stop, and also a few othma At ll k 40^ I happened to be in 
the house ataiting the etopt cloclb foi a second time, when there came a thud shock which 
again eaused some of the olooka to atop 

Oa May 0, at B‘ 1(T p n, a veiy violent shook oame from almost due east We weie 
■iitmg on the pi&ira, and it name without a second's warning I nidged it to be fully as 
severe as the one of Apiil 18, but it bated only about 10 seconds In the southeast room, 
fiom the suib mantel, a small woodm clock was thrown out on the floor to the southwest 
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In the southwest room the same iDMlan n in upacl towwil ilia noithexsL, and liom the tup 
at the tall bookcase, trom which luubefoie l>oen thrown the china rau, a bioiuo figuie a 
loot high wee pi capitated to the souihwost In tlu. hall, on a boot case Liang mtl, a 
small wuoden dock vai tipt cnoi to the emt against Lhe wall AL 0 o’clock th il eicning 
theie woe nnnriim nhock almost ia heavy us the mil oup, but bv that imie I was too lutLlcd 
to take much note ot it) especially as I had noL bln ted the clockb up again Hut Uie next 
morning I went at them, and tound that in Mine casesthe pendulum kid neon bivung out ol Llie 
vine loop tioin the m ipomenL I tned to luoale the duectiou of the uiuke fiom the loiuIi- 
tiou at the docks, but tuund that they had stopt indisi iiininulclv, without logaiil to length 
oL pendulum 01 dumdum The\ hive pendulums i liigmg Iium a tew mdiCb long Lo aovcial 
feet No pLibter woe eiaeked in the home, but many pu.tuio* wme out ot line, und llie 
quakes of Hay 8 bioke oil two of mi ehunnev lop* at the mol line, tlio southwest ooineis ol 
both being moicd about 0 75 of an meli in that diiccuon 

In the Roasi-L'oiel scale, I placed the dioak of Apnl 19 in daes VIII and those ot Hay 8 in 
clusa VII In none oL Llie shocks was any distuibuiop noticed on llie uatois ot the lake, noi 
was theie evidence of theie hauira been any waves, yet on (he UJlh a plonk connecting 
mr floating boat houeewith tho bank wastound with its uutei end in tlio watei,showing that 
the boat house had been pulled awu\ liom it Tha pLuik ion about east xml neat In all 
ot the shocke the house eeemed ump|j to sway backwuik and luiwnds Theie appealed 
to he no up and down movement m the ceHui uodei the house Iho milk waa thrown trom 
the pons in a noitheabl and eoulbweat diwetion 

Bn i lie11 Spnngi (His H E CLuk) —Uv luidund past Iho night ol Apid 17 at Upjiei 
Lakey wheio the Bhook was nuilc oli oic, but m> eon, a bay 10 yens of nge, was on llie 
innbh, 5 milce nmUiwcst of Bailicit Spiuigs Tlio shock was seven* enough to btop tlio 
clock IIo end anothoi huv felt the prolonged ticmoi and the tacking of tho house 
They wae diaaug when tlic ehock aeouiied Nothing, hoivevci, was lupoiLod as hat¬ 
ing been knocked ovm, noi wo* any milk spilL liom pans At our neatest nughboi’s, 
4 miles nmlhwaBt ot out loncli, nollmig was known ol tho caiLhqiiake till it was men¬ 
tioned to thorn 3 lias's altoi tho event, altlio a muubu of tlio family Umuglit lie tclt souu>- 
thing At anothei noighbui's, 5 mike nuiLhwcsl of lien*, ol IloibC Mountain, lira wilo 
nos awakened but not the husbaikl AL Twin Valleys Ranch, a tonsil shock was felL 
end the clock was etopt 

Louw Lake (W C QoldsmiLh) —No ehimnqys wme tlnuwu clown in lira town, but 
2 chimney tops foil to tho Mutinied at a point about one null 1 unilhoasl or the town 
Hi Wflavm lepoibb that Lowa Lake is on Eoucnc Miuktoiie, aiul UiaL lhe shock woe much 
Ids than at Inkepait oi Uppn Lika 

Sanhedrin, Lake County (V L Fiatacil — Tins place einaemail alluvutlorl vallcv 
buuoundod by mountains Ono slrack was fell wlinh vis nut ecvcio enough to thiow 
chimneys Iho motion wn lioin umthwost to noullusist Some men in a luiuirl ui 
solid lock, 800 feet below the suildco, did nut fed lira shuck, and people h\ mg on the sui- 
munding mountains lepoit the bhuck Ob much lightci tliicii m tho vallcj' 

InlhadibliiotaboulKnoviilk^Hi Weave] iqrai Is 1 hat a low chimneys at lanchliouscs 
fell, but that no eevae damage was occasioned To lhe oast uf the cicst ol (lie Coast 
Ranges, in the latitude thus lei consideird, obici vations indicative ot the inleiuty ot 
the shook beoome moie srattoung, and people geaeielly atlaelied little inipoilanoe to 
thou cxpenenoce ot the morning ut Apid 18 

FORT ROBS TO BODEGA HEAD 

Wo letuin now to the coast south ot Foit Rom An examination of lira coast between 
Foit Rom end Bodega Heed was made by Fiot J N LeContc and Hi AC Wnght 
The poition of (hen lepoit dealing with tho distnbutwu of intensity tallows 

From Foit Ross the line oT the caithquike flesuie wss iollowod south to the point wheie 
it passes into the sea Fiom this paint we lollowLd the beach foi 8 miles beieial elides 
weie seen about 8 miles south ol toe Foil One of Liuse woe ot gieat sue, being between 
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3U0 and 400 Heal in height Than me evidently old alidus, uni llio amount of inatciial 
liiouglil down by the lucent earthquake, Lhouali laigo, is insignificant roinpuicd with the 
, 'i« aL the seal At Rods Landing the beich was alxuuloncd, uni the vragnn toad was 
tollowod to Dans Mill at the mouth ot the Russian Rivci The eniLlniimke hue luul 

1 au*ul so\ciol thousand dolliis' damage to licslle* on the logging lulioade No building* 
wuie muiod on Llicu Inundation*, only thimnejb boiug thiown down 

Fiiini thib point flic loail dung the bench above Llio *ci wu* tallowed 12 mile* to Bodega 
Hav (see mip No lj The eouatiy is bpmsely settled Only Lhico oi foui houses woie 
past, and those wila uninjuiudexcept toi bioken eliiiniuua Noai Bodqg* Head tlie biulgo 
oiei Salmon Clock was somcwhil t wislcd Just beyond this a good-sued liolel, piovioubly 
used as a auramci lcsoil, mas bndly mocked by Ihe cuithqunko It was moved on its 
luuailahone, anil itndeied unlit toi habitation Thu building wna olouo to tbe sand-dunes 
mil piobublv icstod on sandy depart!* The bain wu completely wiu ked A tow bun¬ 
dled voids bejond tins a email mud-flat extends Iiom the sci up to the load Uuiioua 
nuuiuls ol mud, shaped like liumatod cones, ureie thiown up by the eaiLhquuko Buliso- 
quont examination shewed that the line of the eoitliquake hesuie must have past nem this 
spot 

Dunam’a Mills (J Pannoloil —On llio Rusoian linn, whin fihheinmn tiial to seme 
hsli nftci Uie cniLluiuakn ot Apul 1H, then iu.ts woic loin to pieces by snags, oto, wliera 
llicic luul lumuly been no obitiiielnin Laigc ticcs that hod boon biiiiod in Ilia lied at 
the mu weio Idled up liy tlie convulsion, while otlun bees vuiblieil that had been in 
sight Low places in Ilia mu bed weio made high uul wee versa 

Tlio Iwllom of tlie inn ajipcniB to lima diopt 2 loot all along by Duncan’s Milk foi 

2 links, anil at tlie mouth oi the livei, wlune Lhoio used to be walei 12 oi 14 feel deep, 
thcio is now only 2 fool, and a iilllo till bunls can boldly uoss, tot a luigLh of almibt a 
mile Foi o\m a mdo llune is uam a utiong cunont, wboio Iheir used to bo quiet walm 
unlh vuy little euiienl A man who wne by tiie iivu, near Moulo Rio, when the enilh- 
(|iialui uoouncil, tolil tho Pamela* that he saw (lie muddy bottom of Llio uvu mo to the 
suifatc, anil tlie wntu mil ulf asm llio tanks Tlie lioUmn was tho luglicst wlicio tlie 
walei luul been 8 or 10 lcel deep, then it settled luck A iouI and luico mu\ oil 10 feel 
On tlie olhm sale ul llussun liivcn liom Dunraii'n Milk, 200 m 250 root back ham llio 
htioain, the cnilhquake nuule many liolos thiu which black siuul and wain blew up 
Hnch blow-holes wise mule nil akmg this mci Between the nvm ami llio i unied hotel 
ill Duncan's is an uiegnlai ciack about 20 led wule, 80 fool long, and 15 to 4 fact deep, 
with a blow-hole 15 fid wuk 1 ami 2 leel drop wlicro coaisc nui giatol coma up 

(R 8 Ilolway)—One lioli I at Duncan's Hill* was completely wracked and otiiei 
buiklmgs weio much diunngnl Along Liu* i ivci tliuo weto suvnal clocks in the alluvium 

tl I'J Tlmyu )—The sluikr was ot gicat seventy on tiie Russian Rivu at Duncan's 
Mills, uul totally desbuyud a luge liob.4 Several unall houses weio tinown lrom thui 
foundations 


tomalis bat to boubas bat 

BtO K Qujitrt 

The following data upon inLcnsily urme golhcied, with slight exceptions, between Apul 
26 uul May 12,1000 In tiiuu aiiuigcmenl the ouloi followed is (1) The line of the 
fault tiom aoiiLh to noith, (2) the towns of the Rift belt, (3) tho peninsula west ot 
tho Rill, (4) lautes ol bavcl east of the Rift, and (A) distubulion 
Along Iha Fault —Mis Bluclc'a lum buildings, ncu the head ot Toinoles Lagoon, stood 
maiciy nuiow fault-sag which was travel sod by the fault-hue At this point the trace 
concede of a gioup of decks 10 to 20 fact bioad The bun, icstuig putly on tho giouiul 
baveisod by these uacln, was demolished bo that, as I saw it, it lay in luma Tho house, 
Btandmg only a few foot to the casL of tbe fault, was thiown fiom its umloipinning uul a 
wuig wu putly sqwiated fkom it 
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The buildings ot E H Stioin, 15 miles nmUi ol Bolmas Lagoon, Btand about 20 tods 
east of tho faull-tioce, the house boug on a hill and the otlioi buildings on sloping allu- 
uum at its base Tho houao did uot have ila buck foundation, but the Foundation was 
clocked Chiinnryb weie thiown down The othn buildingb me tluown tioni tlu.ii 
undeipinning, mo\ mg cnalwaid Milking was in yiogicsb in tho buuyud Somo rows 
woe thiown down, and Mi dtiun himself vu thiown to the giound, bat ioao and 
giasped a hec, of which ho letomod hold with much difficulty 
Daniel Bondietti lives 8 5 miles noith fioin Ibo head of the lagoon, Biid his buildings 
ai c about 20 lods east ot tho main mack His liouso was slutted 3 feet lowanl the laiilt 
and his bun moied m tho samr dncction Men engaged in milking wcic thiown in a 
duectun away fiom tho fault — that is, to tho muLhoasb—and cows wete also thiown 
in this duection 

At a boinyaid ncoi Bundiclti's, and east or the laull, a milker was thiown to the 
west—that is, towaul the fault 

At Boislci's lanch, a shout diatance noith ot Baudiolti's, ilia fonlt-taaoe is in two pails, 
ot which the western oi mam pant passes undei llio bain, and the oasloin between Uu> 
house aiul tho bain Mi Boislci was milking a low at a point within 0 loct of the west 
bianch, and on the southwest side Ho was thiown to the buulhwiht, aiusc, and staili d 
to go in the opposite direction, when ho saw the ciaek in Um giound, lie then luinod aiul 
was again thiown, but with difficulty icached a lenco 10 or 15 feel away hofoio tlic uiul 
of Uic bhock Ills house and buiklingi weso Bbnined, but they did nut collapse, aiul thru 
slutting wob blight The gicatest bhiltuig was of the mam pail of lua l»in, whirli blood 
betweon tho bianehob ol tlio fault aiul moved about 2 teet to the noilhweat A waloi- 
tank nau tho tault was shilled slightly but did not oveilum At botli the Bondu'Lli 
and Bowlin lanihcs the suilace of the giound has consultsaJile slope and it is piobalilr 
that bullock is not fat below the smfaoo 

The buildiQgs of tho Dickbon lanch, 2 5 milos south of Olemn, aio about 0 25 rnilo cast 
ot tho faullrtiacc, standing on a hillside piCbUmoUy on him giound Thoy noaily all slid 
bouthwcBt—that is, downhill and tow aid tlio fault Tho bain,an old building, aullapsoi I 
At tho Bloom [dace, a mtlo boulh ot Olciao, tho buildmgB Btand 3U oi 40 iolIh cast of the 
fault, and tue on Ann giound The injitiy to buildmgb was lino compaiativcly Binall 
A wata-ptpe by winch wala was biouglil tiom a point on tho opposite bide of Uio tault 
wna biokon in many places, bring at bo mo points pulled apait and at olhrna loluscopail 
At one place it buckled bo as to piojoot bcvcirI feoL above tho gmund Aftci being iv- 
pahed, the pipo was lonnd to be bhoiLei tlian bofoic, the dillcianco bmng estimated at 
about 5 teet I did not o\mmna thr couibc of tho pipo, but bom itb gonmal iluccliou 
I intm that it ciost tho tault obliquely fioin south to nciUi, and thal the «.hwi kimn ^ was 
the ducet tosull ot the hou/ontnl tlnow ot tho fault 
Mi Paj no J Shaftoi'a place is non tlio village or Olema The fault-tiace is rlosr to 
the houso and uthm buildings Tho>o btand on a bod ol alluvium which is piobably sup- 
poilod by bediock at a shoil ilibtanco below the suifaca In tlio bainyud men wcio 
milking, and wmo thiown violently to tho giound, along with the coltlo The buddings 
wcio much dnmagod Duting the cuthquake a cow toll into tin tault-ciack and tlic 
eaith closed in on hoi, so that only Lhn toil icmuncd vnablo At tho time of my vibil tho 
toil had dioappcaied, being eaten by dogs, but them was abundant testimony to nul>- 
stantiate tho Btatement As the fault-tmco in that nmgliboihood showed no clocks 
laigo enough to leceivc a cow, it would appeal that duung tho pioductiou of tho tault 
thcie was a tampoiaiy paitmg of tho walls 
Mi Skinnoi's lanoh is 0 5 mdo west of Olema aiul on tlio lino ot the fault The tnro 
poBBBB within about 10 feel of tho homo and within 2 oi 8 toot ot the duty,and iuna imdm 
a paition of a laigo now-bun The houao stands southwest of tho fault-line, and is on 
the block whieh moved ninth west, Tho house ihdf was shifted noith west with refei once 
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to tlio giound fSoc fig 23) A gianaiy btaniling 100 tool farllici wesl than tho trau&o 
was xhillwl southwaul about 3 tout The mo\omenta oL the Iiousl anil gianaiy wcio 
thus in ncoil} opposite ducctions Tho daily lonuunod on its loura Litmus Tlu. bum 
was not shilled on the cai Lh black suppoi ting Us gicalot poi l, but w is (Iniggisl along over 
the othei block Movablnui the buildings wnc tluowii alxiut with vidnice, dislus, c te, 
wviu biokon, but no buiklings wcio dcslioycd and all wuic olleiwaid lopauid anil used 
A uiluIbi walm-tank standing on a ticslle about 12 Lcot high, appiuumutily KNI leet 
iiuithcasl of the lault, was uiiiiijiuoil, anil sooinnl to bo absolutely uiulisluilwil In the 
bom-} aid, which was Uavoi-ul by the biult, cows wcic assembled and rial inun wine 
engaged in milking Cbws aiul men wdic all tlu own to the giound, the ducckon nl thou 
I all being lunUiaaslwaid ami away bom the lault Tina ikroclmu was also ilow iilnll 

Tlio load tiom the Skinnn place to Olomi ciossob a small meek, ami neai llio biulge n 
a deep pool Walci liom this pool was known out to tho southwesL, being t .uiieil aeiuus 
the imul a total ditiLanro ot 3 oi 4 iods 

Bolinna — At Lira south uni ol lira pemnsula u> a sloping plain uai ved by lira sea when 
tho land stood kiwei than it now does Its goneial toim and lolalion* aro slwwn by tlu 
coutouis ol lira nup, hg 10 Tins plain onginolly c\lcndod at lcasL as fai as tlu* slraio 
ot Uohnas Lagoon, but cast of Puailiso Valley it hue been modified by changn nsso- 
ciaLixl wiLh the Ril l Tlio hue of Paiadiso Valloy, when oxionded soullmaiilwaul parallel 
to lira faullrtiaeo, raaiks appia\iuiatclv tlu limit ot the Rill in that dnockon, anil all 
the land beLwcon iL ami lira fault-trace is bicken into bloolu which have boon iliveisely 
tnulted and Lillod As mhuc of these blocks ictoin lira smooth uppci sui face which thoy 
locoivcd as paits ol tlio plain of nuuinc donudation, then pirsonl allituilia scivn to o\- 
picss Lira naluic ol the iliilocatiuns Two small blocka lacing lira Huuthcin pvt ol Bnlinas 
Lagoon lolain appiouinalcly Uien oi iginal hoiglit, but ai c tilled ol dillci cut angles tnwai d 
tlic iraiUieasl A tliml block, bxi muiow lo be cauglit by llie map oontouis, hoe diopl 
60 lift lowei aiul is lilted at a htill lughei angle Lowaid tlu 1 nuiUraast AfouiHi oml 
niurblaign likrak, llsell involving mrnoi dislocations, slopes soulhwaid tiom a irauil 
opiwsile lira head of Paiadiso Valley to the delta ot Pint Quleh Cieek 'Die uppci pail 
ol the village ol Bolrnas lus m a craving Tault-sag among Uicso dihlecated ldtxks, ami 
anoUrar poitran elands on the della ot Pmc Quleli Ciuek In lira Laidt-hug, wluse lira 
giouml was much uaekcil, neaily all the houses wmo cilhci shifted on tluni foumlntrans m 
oluc Lhiown bom tlion foundations These was girat dcsbucUon ol liniiiluir ami edier 
bieakable ailralos In some cases people wane llnown bom then boils, but none wmc 
smiuusly injimsl Tluce buildings wlueh had stood on Bblts along the shoie ol km lagoon 
mmc hpl lowaid it so that then lowoi edgai came within icaeh ol the tide Sevens! 
buildings wcio bo badly mjuiod that they wmc oflmwaid toin down by tlien owiwis 
mbtoad of bcuig repAiicd Just oulaulc the loult-aag, and only a few iods diblaiit, a 
gioup ol houses stand on highoi giound, and theso wme oompaiatively uninjuiod They 
ucie not moved mi krau foundations, and m one instance tho chimneys wmo not 
known down 

In the mnlhein paiL ot the town, standing on the delta ol Pina Quldi Ciook, about halt 
the buiklings wcie known Uom thou foundations, and hmo ako the dcsttiration was 
greatm on low fiat land tlian on highei giound 

Olema —Tho village of Olema is about 0 5 mile oabt of tho fonlt-tiaec and at the edge 
of the Rift bolt, the greatm pail being included within the Ritt The rasidonce of Mi 
Pease, a tending on alluvium, was shifted south about 2 test, falling horn its auppoitb 
It was vmy badly wracked, and was ovontually torn down A noighbonng prana of allu- 
\ial land bmdmuig Olema Cieok sank about 2 foot The hotel owned by Mr Nelson, 
landin g on highai pound, was somewhat wiacked but was not Bhiftod A house next 
dooi moved 2 S tect to the noi theset A house opposite moved 2 feet to the noilhwcet 
Aiwirtmr hooee opposite fell liom its aupporte, moving Bouthweat A neighboring Btable 
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wob wiacked bo as to lean to the aoulliwttl A chmch nuived 3 feet to the southwest, 
that duration being downhill Piubably halt the Iioukh in tlic. town note not blotted 
hum then foundations Of two budges ovi i Olisiu Cieek, one was shaken to piece* A 
lulv in the hotel wrn tin own tiom hei bed bv the shook 
Paint Rtyos Station —Tlic village at Lhc laihoail station of Point Hcvos r, about 0 5 
mile luntlicnst of tlie tault-tiuer, and btandh on a low banch ot apparently fhm giounil 
It n piobably just outside the Rift belt The sthoolhouee, a 2-t>ieiy building standing 
on a IniLk touiidation wall, wnb >1111(1x1 2 5 toct to the Kuuth A stonu budding used as a 
stoic was llnuwn down, llie walls tolling tawnid tho eouthcast The hotel bun was 
shitted 20 inches tow aid the south nml a tuw othei huikbngs weie slutted, the distances, 
so tai as obseiscd, being less Burk chimneys wcio generally thrown down A loigo 
shed was wiecked In all buiklinp. tuinituie was hlutteil, objects cn shches weie tluowii 
down, dihlics wvu biokui, etc An ingiuennd tlner enm standing on tho Uack wuieovci- 
tuincd towaid the southwest A long wood-pilo was tluown down townid the southwest 
Invci nesfi —Inverness is a village ul sununci residences on and near the southwest, 
shoie ot Tamales Boy The upland of tho peninsula theic closdy appioachcs the 
bay The village occupies two iuuiow valleys nuimal to the dime, and a mesa between 
them Its sita rs within tho Hitt, and both vnlltys nml mesa weie tiarcibfd by' many 
ciacks, of which sumo had the chuactu of bmnch taults All tlie houacs wcio ol wood 
About half ot thorn wcio slnfLed on then toundaluins To n ceiLain i \tent the dncction 
ot shifting was dcteimined by tlic dopes ot tlie gioirnd, the houses mowng downhill, 
blit wheie that lacLoi dul not contiul, the movement was towaid the west oi noulhwcM, 
In one instance I noted a poulliwcstwud movement ot sevcial luBt uphill A Tew 
houses m the southern oi "hist valley' 1 ncai tlie bcuch weie demolished, oi so badlr m- 
juied as to be torn down Scraial homes on the mesa weie so badly injuitd as to nxjuno 
piaetieol reconstruction Aa tlic moot suious nijuiy whs to houses thiown fiom then 
loundations, it is pioboblc that tho jji ot tailing was an nnpoitant factor It ib lolutml 
tliat a number ot poisons wcio Unown violently fioni their beds, hut tliaic wcio no scuous 
pusonal injuries Ot a scum ot both-luiuses standing on the licacli, somo icninuicil 
unnuncd. othus wcio Idled hccauso of tlic yicliluig ol tlicn slcniltu Mippoits, anil one 
was turned ovoi on its side without the bunking ol the puis on whidi it stood It fell 
to the northwest A watm-pipe following on cast-wuat (or norlhcastMuthwrst) mail 
on tho mem, and buncil about 1 loot, was buckled at two paints bo as to bo lifted above 
the ground I saw no enilb-ciocks nooi these points (See plato 71c) 

The phenomena aonnccted with five wntci-lnnln scum woiUiy ot special mention, I*, 
eause the simplicity end svmmcliy ol tho aliuctuics wuc bucli tliaL the duections ol dia- 
placement must icpiesant oloecly duections of eeith movement A luge nnnin.n.n. 
water foi the vdlage supply sloal on the mesa about 0 5 rode liom the shoio or Uio bin 
its foundation using a little above Uie ground It was Unown in a directum almost duo 
west ami completely demolished, the planks and slaves constituting it* sides and boLtom 
being strew n ovt i a space ot 50 Icol (Plate 72 c) The other lorn tanks weio situated 
along the base ot tho hill belweon Inverness and the head ol the hay, and held water foi 
spi inkling the load Each one stooil on a squoi e pedestal of bi accd Limbeis about lOteet 
lugh The tank nearest Inverness foil to tho west, its pedestal yielding and hn.«ir 
uusht (Plate 72b ) The ne\t tell to the southwest, and tank and pedestal weie both 
erusht The thnd wan shifted 4 5 feet westwaid on its pakstal, both tank and pedestal 
lemaining umnjuiert Tho pedblal of the fourth stood unc-hnng Pfi , and the tank was 
thiown horn it toward the weat-nmUiweat, being overturned bb it foil (Plate 71b) 
i In ?' ,IBM l °r°} nt Light-homo —Fbi tho (list 2 miles of travel, cavenng a nght- 

lirui distanco of about 15 miles, raad-ciaekb weio uumoious and often loiga Thme wne 
also numnoua small tolls of eailh horn the road clifts Beyond that point there was a 
rapid falling off of such evidence, and tho load-oraeka were frequently seen they weie all 
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small In the ncighboihood cl Liniiintnui Bay (indicated on some map* .in Diakc'b 
Eslrno) Lhuo ato a uumlici ot lanchcs Most o( these bliowi il broken rlumneys, but nl 
a landi wist ot thu head ol the ba\ 2 tank dimincvs stood umnjutnl At Point Reyes 
Post-ofhee, the main icmiIuilo budding was Lliniwn liom its luuuilaliuii nl ]nn]ih and 
shilled 2 IllI wrotwaid, lx mg badly mils. Led Ollict buildings ol llw -ium giunp wcie 
nut shilled, and 2 watoi-tanks on high Iiqihls scLiued to lx iiiniijuicd Vl Mi Cliuis'-cn's 
lonch, snulh ot tlu Post-ollioc, 2 builduigs woic ulutled a tew nidus to tlie snulli, that 
dueitmn not being ilcUu mined bv then slnutuic but being diagonal 1o tlieu nidus Thu 
chimneys woto tlu own dowu, pi ih Leung uockud, lurmtuio slutted, and many dishes 
bioken A picture was lcvmsod ao as to hong lace to the wall Mi Clausen, being uut- 
of-duoia at Lite time, was thiown down Sonic cows wcic also tin omii down 

At the U S late Saving Station, on the coast 3 oi 1 nidea limn Ihe light-house, linok 
chimneys wvio broken but not Unown down, tuiiiituio was moved, disliea wuie broken, 
and the filled ground about Uie house settled suvcinl inches A ninst standing in tlic 
sand was saul to liave boon liiavcd up si venal riel, but ila position had been iMUnod beloic 
my visit Mv uitoimanl soul that he was standing when the shock toim., and sal down 
to avoid falling 

At Point Reyes Lighlrliuuso tlie heavy mechanism conti oiling tlic light wns slid led 
bPveinl uiolies on its banc A luns “lumped" from iLs Majb It was so hold m [ilaco by 
dowel pins that its movement icquiied a lilt ot aliout 2 inches The only injm j to huild- 
uigs woa horn the nocking of chimneys Wooden bulks with watin wiul not shifted 
One ol Uio lightrheuoo keopcis stated Uiat alLei tlic shock he lookL liom the window of his 
loom, which commanded a poilion ot the sea near the bench, and saw tlie watoi “boding," 
but thcio was no change of Uio nalute of n wnvo 

Sunshine Ranch amt Vicinity —I diovo to tho summit of the lidge southwest ol tlu 
head ol Tbmalcs Bay, finding abandant and strong liuul-cioiks all tho way to tho cicsl, 
which is about 15 nulos liom the Lnull-tiacc Then* wue also a nuinboi of liuidblides 
in Una logion, and a considembia numbei or ben won. lnokcn oi upioolcd Thcio weia 
few hcubca Tho only laneh visited, known as Lhc Sunshine Rauch, and occupied by 
Mi Sdvts, sufloiul as scieielv as Llio heuns of Iniorncss and Boluias The lioiue 
moved MiuUiwesl 3 loot ami was hiully wiaekcd Tho dany was thiown from its Inunda¬ 
tion and wiuckcd beyond lepoir The buu, a Inigo budding, tell noiUiwaid downhill 
and oollapscd 

Beat Valley — 1 drove from Skmnci'b ranch aoulhwcstwaid thiu a pan m the upland, 
ooirnmg iwo-lhnils ct the dulanco to tlie coast, aiul icaching a point about 8 5 miles 
in a ducct him fiom tho lault The most sinking ovulcnco ot violeiico woa shown bj tlie 
tiocs A lew wcie thiown dawn, including oaks and spnicaa, blanches wuc lnokcn horn 
olheis and aamo spruces had lost then tops Mast of these phenomena wcio scon witlun 
0 5 mile ot tho laulL Lithe same icgionaio a lew Burnnmi cottages, which subloinod lilLlo 
in]my, only the fall of chimneys being noted Tho elab-hoinc ot Urn Country Glah, 
situated about 1 mils from the fault, lost chimneys but wbb not shifted One ot ita bains 
wins wiockod, fading downhill in a southcily dncclion In this lagion I saw only a fow 
macks othei than loadciacks, and the load-ciacks wme ainmpoitant 

Scorn Lakes — Grousing tho main divide of the ponnunila neai tho head ot Pino Gulch 
Cieek, I followed a load to tho vicinity ot tho coast, a distiict known as Seven fckes As 
the tiipwaa mule 5 months oftei the eai thquakp,tho evidcnooficmioad-m v kb hod disap- 
peoied Thmo weic n tew landslides, and n numbei of macks akeady mentioned (page 
75) testified to movements of laige Mocks of giound, but I think these wme due to a 
peculunly sensitive condition of the country lathm than to the vudonce of the shock At 
2 lanch-houses not far bom tho ocean, chimneys wme biokcn but buddings wete nut 
shifted A few dibhos wme thiown down, but othei wue theie was no mjuiy to movar 
bleb oi houses 
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U'eb/ qf Botinas — Diiving 2 miks west of Bnlinus, ami looking at buildings lioin tlie 
load, 1 bv vuy little evidence of injuiy At a disinnoc of about 0 5 mile fiom Lira laull 
a chummy wjb tnbLan at tlie tool, but nul Iona down 
Nath qf Point Re yea Station — I ihou. i low laikfa not th and cunt fiom lira station, 
ovei a high tcnaeo aepoiating the uplnnd fiom lira bay at thu oaat Tlie injuiy lo build¬ 
ings was tound to be much less tluao thin at the station, and not all ehimneyb wuio 
tin own down A huge bain was seen to lean as lira some of its plops had gnon out, 
two watei-tnnka wrao uieckcd A tew mocks wuio been in the giound, but they wuio mueli 
m tiaIIwi aii ft uuincious than at a similai ilialance on lhe ojijiosile sido of the tault 

Suumhto to Point Reyes Station — ObenvaLion was mailo only fiom the coi-window 
The towns bun Sausdlilo lo Futfax showed no damage mao saioub than tho losb ol a 
putran ot tlie (.himnqya The same runailc applies lo buildings boon along Pnpci mill 
Cicek as tai as Quota Bej’ond Ganna tlu ueok lias bevei ol leaches ol allrnlal bottom, 
and some of tlicso wue so badly ■lmfr™ tliat the ladway unibonkmeala and licstlcb had 
to be lepnnod Heilwny tialfio lo Punt Reyna was* mtoiiupled tar about 10 days 
Roes to Botinas —This load was dnvcn ovu S days altei lira caithquokc In Lira 
village ot Ross houses wue not ehiftod Tlu pimupil injuiy b lo buck chimnois, of 
which piobably muc than om-lialf lull A gioup of done buildings on a lull lost Irani y 
btonc chnnncyB, ami tlieie was injuiy to a towci Some stone toucos on oUuvial giouiul 
wue m put liuown down Those fenoeb weio of undiibt stone, loosely piled In But 
Ansclmo maet of tho buck chimneyb wuo bickcn, but othci injuiiw in that town and in 
Halifax appeal lo havo been slight Along lira mad fiom Faufox to Bahnaa Ridge, lira 
only evidence ot the authquako consisted of small load-ciacks, with occasional atones 
fallen bom tho loed-outs ThoBO eviduracs of inoduale distuibancc conlmuod down 
the western elope of Bahnaa Rulgo to the edge ol Dolinaa Lagoon A houao standing in 
lira middle of the volley, piobably 0 20 mile bom the mem fault, showed bom a distance 
ovidcnco of conbiduahlc ilisLui borne La chimneys wue biokcn, the hou&o ilsclt hul 
piobably boon shitted on ila loundatiuib, and one ot lira outhouses was out of plumb, 
nppaicntly having shtlflm downhill towaid lira nuthwanl The 1 tounc was not visited, 
but was mcioly aeon liom lira load 

Tho genual fact biought out in tins dnvo was that lira legion about Rasa and Fanfa\ 
expuraneed a shock eunpaiablo with that at Bulcolcy, and thuo was no csidonco of 
high intensity until tho fwdt-tiaec was closely appioadrad Lamlelulea wuo not aeon 
cast of tlie lagoon, and tho loait-uacka cast of the lagoon wuo noL impulant 
Mitt YaRey to Bohnas —At Mill Valley tho visible injuiy was cihuifl) lo chimneys 
Extended onquuras wac notmado, but no lopula wcic hcaid of diBt motion to fmmluio 
Tlio bouses wue not dulled Hie buildings at West Punt, on the Tamelpan Railway, 
did not buUu , end I was told that them was no injmy bom the ovlhquake at tho hotol 
on the summit ot the mountain Fiona ciogs on the south elope of Mount Tamalpau, 
slones wue dotoched uul lulled down the dope The eenra thing oceuiied neu Willow 
Camp Fiom West Punt to Willow Camp theio aio no buildings, load-eiaeka wuo 
small, and no landslides wuo seen A tew stones fell lo the iosd bom tho Biilo of the iood- 
cut A mneh 0 5 mile cast ol Willow Comp showed no mjuiy to buddings At Willow 
Camp all tuirk chimneys fell, sssual houses moved a few inches towaid the southeast, 
and diaheb wuo tlnown bom shelves A tall house 0 5 mile to the nulhes&t was appar¬ 
ently not ilistuibad, and letaued its buck cbininoy Faithei up the ehuo of the lagoon, 
and neeil} oppouto Dipeca, sumo him buildings soeinad to have been so diatuibod as 
to he tinown out of plumb They wuo not visited At Dipsea 2 aummsi cottages wuo 
moved a few mcheb to the aouthwat, or weio wiaeked in that dneetum The hotel waa 
swayed in the some dneotion, but the building withstood the shock The bun, a lather 
luge building, waa tlnown bom its ondeipimiing, falling towaid lira lagoon 
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D 11 U 1 ibidiun —The voiulion ol inteiMly with Lhc chaioctci nf llic geologic. rminatiou 
is cs id(*nt al saiuus localities, but moot con&picuou-Jy nl Bohnas, when* tlio dcsLiuctinu 
on alluvium at llio bottom of tbo litllo valley ns vn> much gicalci tluui on tlw lulls 
immediately adjacent Ncvcithelesb, tlio data ato not siifhtnc nlly full lot a sjiihlaLluiy 
(liscussiou nf this phase or the ilistubution ol uitcnsity, aiul I have Uicicloio tiiul to 
make allowance Ian cbiroicnec* ol tai motion, and in that way ulitaui a gcncial rcnucplinu 
ol the disli ibulion ol intensity with lefcimcc to Iho fault and the Hift 
The intensity was gipairs! on Hie linn ill Hie tault, but dul not diminish ni|iidly luwaul 
the cast and west within the Hifl bilt In a gcnmnl tray tlie intensity was gtcitei in llu 
Rilt belt Umn on ntlm sale On Hie tohl it loll oft lopully — almost suihh'iily — nt 
the hniit of Iho Rift On tho west it lell oft giailually, being lieailv as lugli al a distance 
ol 0 5 mile ui 076 mile fiom Lhc lift as at tlio edgo of the Hilt In a gcncial way the 
inleiisiLv nest of the Hill was gicatci than at the cast My conception or tin* distill iu- 
liou on a line uoininl to the Rill is cspicst by the following oinvc (hg 50), but thin 
should not Ik* subjected to mroMuranunl, as 
its elements aie nnt definitely quantitative 
It ih a geneinh/BUon fioin data that aio 
liolciogencmis and by no nienns complete 
In a gpncial way the distnlmtion ol high 
iiitensitv IoIIiiwh llu* dhtiibulum of bad- 
iin'L nocks Inverness, wlicic tlio injuiy 
to htiucluics on (mu giouiul leachida maximum, is tiaveihed by impoiLani Ix'diock 
clocks, some of which aie to lie accounted on hinuchis of Uir nuun fault Hu high 
lidgc west of Uio mam valley, ovot which the intensity was ncaily as gicaL iib along llu 
Rifl, was also thoiaeleiiinl by many iiniuilanl beiliock clocks, and by a gcncial 
deiongcincnl of tin* umlcigiound cuculalum ol watei The distuul cast of tho RilL, 
wheie tlie mlensily in]wily diminished, was piaoticnlly exempt lioin bathook nooks, 
and its uiuleigiouiul cnculation was not dhtuilied 
Notes by otha oburwis (R H Uolwayj — \ Inulge about 075 nule souUuasl of 
Point Reyes (towaid Hon Fiancisco) wont completely down, uuihing scvcial days' delay 
to tiains Tlw liack hail had soveial lunuontal IwoiIh of a fow mchus 
Tlie "fills" acioss Uie oiuih of Ttimalc* Bav geimally Hank liom J to 8 fuel Tlie 1,000- 
vaid fill about 2 miles north ol Point Reyes HLalion sank hom 0 to 8 leet, as chd Uio next 
hit, which is some 500 feet king In one oi two instances the pile-supported lnulgp in 
the muldlo of the fill lemaineil at giade Jiwt above Ilnmlot a tiestlc-woik winch had 
boon filled in settled, leaving the ticstle-woik somo 2 feet aboso Tlw bottom of tho hoy 
m thobo ainw u> usually sand 

Al Hamlet quite an extensive landslide hot etaitcd in tho lullsidu above the Liack 
The laihoad cut is in ohl look, and lhc aich of tbo head of the dido is some 70 feat above 
tho back The countiy wagon toad lias been earned away by tbo dido foi possibly 100 
yaide 

Mias Moigaiot Keating, a 1 cachet at Maishall's, just at the dose of the cai Lhquako saw 
two wavob coming fiom tho oppowto sulo anon tho Bay, that is, the length of tbo wave 
wu paiallcl to the main Rift The waxes wore fiom 6 to 8 foot high 1 lie waves came 
ncaily to the top of the beetle, end also up to oeitain willows which aha indicated, both 
pointa loughly indicating a wave ol tho height she mentioned 
At Maiehell'e a hotel and a stable built on the west sirto of the back end on lindm- 
pinmng, mbng in the tidal flat, went easils and gently into the bav Hu occupontb of 
the hotel did not indue that the hotel hod fallen, but at hist thought the watan had 
neon At the postroffiee itoio goods weio thiuwn fiom the west wall, but seaicely at all 
fiom the east 
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Uetngc H Cowit, of CypiiM Grove, about 0 S milo noith of Mai*hall'&, states that on 
the morning of ApiiL 18 he n a wnvo 8 to 10 feet high, end whito-eapped, come bioad- 
bide on to the oast side of tho bay immediately At lor the bhuek That is, the waso-eicst 
wo* pmaUel to the axis ot the bey The pound has a gentle slope hero, and tho wave 
dhl no hum Mi Oovert gave a eleni, mtdhgcnt account, and lully coiioboioted Lira 
tcbtimony of the leaohci at Mudiall'e 

The island in the bay nearly opposite Hamlet wna visited, but no sign ot the fault was 
found Tamales Point, west ot the bay, eras eioat at tho "Gum Tiecs " Small limpi ¬ 
dities waro found on the bey shoic an the ocean aide ot the point at vaiious places On 
tho peninsula no clocks woie found At one place on the ocean nhore a piojocling gin- 
nitra, rocky spui was much audit ami ground in die noiiow nook connecting it with tho 
mainland The spur is about 80 loot high and 60 loot long 

Pi of E Knnwllon gave on account of tho dnniogB caused by the poithqnako at 
Bolinas ami sioinit\ in tho public pic-a, cxkaole fiom which uo hric quoted 

Along the mow sheet of Dolmas stand mast of the houses, not fai fiom fifty in numlwr 
uul all name Of these about two-thinls worn heaved, slul, Upt, and shalloiad into unin¬ 
habitable condition No fatality ocouired Aa in San Fiiuioisro, most ol tho ahunneys 
came down, but the shock was much moic soveic in Dolmas Uinn in San Fnuioisao Alone 
the bay dune weie 7 buildings Of these 0 wont ova or down At the Flag RUli Inn lira 
lipping of the house has thrown it so lai casL into the bay that one mi) sit along lira uppoi 
edge of tho pailoi Ooai and fish in 4 feet ot walm slang Lhe opposite odgs of tho minn loom 
The village church was pitched faiwaid and ilawnwaid, tolling 3 feet, pewn weie tom loose 
and pitansd about, with walls and cadingb ciarknl and shallmed The laigu new 2-sLoiy 
budding now containing the Post-office, 00 x 80 feel, wna swung 0 root off its eoncioto foun¬ 
dation at the noith end Dock of the Bledn plate, noai thanoilh end of tho lagoon, I ho lull- 
aule started eutwaid towoid the lagoon, bulged upwaid, and crooked into sevoial fmuiui 
fiom 80 to 100 feet long and from 0 to IB inahcs wulo Tho groat oacan bluffs along tho 
south and west ot the anti once to Bolinas Lagoon, some 100 feet high, aumblad aiuTfoll, 
clashing down upon the ooean beach and ieducing the slope of tho bluff to half its foimai 
angle Tho two bluBs along tho stogo loud fiom tho hooil of tho lagoon to tho town also 
broke and fell from 40 to 00feet, completely blocking tho stage load along tlra lagoon 


BETWEEN THE COAST AID SANTA ROSA YAKUT 

Tomato, Mm m County Population 800 (H 8 Holway) —Tim Catholio dim oh, a 
fine-looking htone building, was eomplclely wieckcd (plolo 81u), as wc io Lhe buck Imnk 
and eokon, and a atone stoic building Scwi si frame building! were pitched from Uimr 
foundations and wi coked A hiiok chimnry on lira Unilorl States Hotel was pildhod north 
and wont ova tho patch, felling in tho eliapl Ail chimneys woic down Ctseks wno 
lepurled in the sheet and nui the ilepob Just noith of the dopol there was an ex- 
tensivo landslide along tho inilroad, wliwli throw one track ovw the olhm (Plate 180a ) 
In the eemetny IB squats monumoula roll noith or south, 11 noith, 8 south; 3 squroo 
nonunumtn loll east oi west No monuments of any tuc were loft slandmg awpt 3 
heavy and rolatively low loclanguloi stones In anolha comcteiy, 0 5 mile oub of town 
20 monuments fell noith and south, and nono east in west Foui monumanti woio left 
standing A small spimg stutod m the basement of Mr Got nett's house, which 
on the hilhide nou the depot A stone dwelling 15 miles soulhcest of the town was 
complete^ vnccked, kiUug two people (Plate Sic) At Froomon’s, 3 miles noitfa- 
east of Tomalos, a laigo landslide was esustd by the shook (Plata 129s ) 

» U ^ 17 -Jt h °I )lMta fdl * ■*Uno and lsokc the showcases 

DtBm e Beach (ft S Holway) — Chimneys worn thrown bom tho small collages, but 
one chimney on the main building remained ninrim g ' 
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Tomalaa to PUaluma (R S llolwnyj —Route, castwaid lo coiner houlh of Two 
Rooln, end Ihm Bonthvnud lo Walkci Cirek, Lhonco uaslwoul to Petahimn 

The ctono house cinch Toll end killoil two gills ib on Ihh urnil, lev. than 2 mill's finni 
Toixudn Chimneys mo gpnmally down, liuL Iheic me sew ml p\eepLions Between 
the lnguonti (5 to b miles south ol we-»l liom PoLnluma) uieiciwd (low ot lining wntci 
is mpoitcd No cud* mu lepoilcd m the low alluvial land aiumul I he lagiMiiis not m 
Chdeno Vnllcy 

Valley Fmd, Sonoma County Population 300 Ql fl lfolway) —'lluse an> only 3 
brick builihiifft in lira YiUngr One cnluo wall ol tlic lauik ft 11, nlhpi walls wup ]im- 
lially wiockod Olio walk of tlic oIIks two liuikliiig* wme pm l tally wierked A huge 
linuic lioubo jnsi wrsi ot town sluftpil liom its uncial pinning mul was Ixully vn poked 
Gcnoial loss ol tliiiiiiirys and mmol dmnago lo binnll Iwiklings lesullrd liom llir sliotk 
T hem mo (pule a numhci of ciacks in the dal valley-1 wl loin niljnmiU A loiulslulo of 
savoial hunibcil yaiils m longlli bul of \ny sliglil movnnpiil n fouml on llio snip of llip 
volloy dupclly coal of town Tho alido line movod jutl unougli lo mako a luiinw-liko 
ndge on ilia lowci sale and has dovdopod clocks on tho uppa sulo. OUioi small sluloa 
ocoui in tho vienuly 

(II H LcBoion)—Valley Find n about 35 fcol almvo Lido watoi,and Lheio nr inpks 
nom the suifacp in many places Chunm^s and objects wise thniwn nnilh mul houlli, 
Uio motion of the bliock was noilh and souUi; and no vnlical movonionl was lull Buck 
buildings wme pailially doalioyrd, and many duinnaya wuio Lluown down Tho fonu- 
dalions of many wooden buildings wmo damaged, Homo foundations giving way oiilucly 
A laige, woU-budl wooden icsidoncc of two stoiios was thiown to the iouUi 3 fool and lo 
Llu cod one fool, and caused lo drop down 8 fed 

Rloomfldd, Sonoma County Population 200 (B 8 Ildway.)—Tills village is on tlio 
nnilh sulo of the liMJe valloy lunnuig eastward lioin Valley Fmd The 3 tniok hulldiiigs, 
two alines and a dwelling, wme wieckod Esoiy ehunnoy bul ono ippm led down. 
Scvrinl fiamo buildings shilled on thon foundnlioua Tho comclciy u veiy Intlly 
wieckod, about 80 pa cenl of Uio bugpn atonoa fell Of aqurno monuments of appiovir 
inaloly Uie hip class, llu duootion of fall was north 11, west 14, aoulli B, oasl 0, soulli- 
ont 1, total of tins class, 81 

Badeq n, Sonoma County (II G MoGaugboy) —The town is on a hill slope mul aepk- 
bollom m a valley miuoundal by hills Chimnqya mid objaela wna llnown aouUunly 
Sovcinl houses woo shifted on then foundation!, and all chmmoys wme thrown Qood 
fiamc buildings with diong foundationa wae not hull Their mo no bnok builibngs m 
tho place, but a mile fiom town thmo is a buck bmk-dnoi AlUio Hus building ib email 
and the buck wmk wae bound together with non lode, it was Known into a heap 

SANTA NONA 

In tho soctum of tho Coast Ranges inland fiom the coast, botwcon tho latiluda ot HeabU- 
buig and the Bay of San Fianoisco, Santa Rosa fliat chums attention Thia city, with 
a population of 0,700, auffuad relatively mote than any othoi place In California, oseopt 
pmhap i flnhfwt n pnl and Fort Biagg Pi of R B Hblway made a study of the ofloeta 
of tho «M ii»qii«hi at Santa Roaa and the bui rounding taritoiy, and an ovodlont report 
by thia obaaser fallows 

pnntn Tin— ha on the eastern ride of Santa Boa Valley, which is hem some 7 miles 
wide The valley floor is a gently sloping alluvial plain with an average elevation of about 
130 feet within the mty limits, fuling with a alight grade to the swampy lands adjacent to 
the laguna de Santa Roea, which runs does to tns toot-hills on the weet The elevation at 
the Sebastopol railway station u but 68 hot above the sea 
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Santa Been ltiolt is on a low-naile alluvial fin which heads in a nauon gap in tho 
foot-hills botdenng the town The grp conncctu with a bnaui ot some 40 square 
miles, which empties ila dmmara on to the Santa Bosa tan, in a stream that foimaily 
shifted ita couiac ovei Uie dopes Old channels oie still to be found in places, 
altlio they ate uauullv filled by the grading loi sheets and buildings A budge founoily 
ciObt the main channel on Tenth Sheet, near Mendocino The nppioMmate oouise ot tins 
channel is shown foi a 'hmt distance on Lho actompnnj mg map, No 10 The picsont corn so 
ot the tieelc was adapted but reienUy, aceoidina to the testimony of esilv settlois Tlie 
wells in tonn aic shallow, uul none wcie lcpmten tliat had been sunk thiu the alius ml dc- 

{ mails to bediock With these phvsiQgiaphio comlitions, it will bo seen that Ihe alluvial 
an upon which lho town lies must ha* e been filled neatly to the auifaee with giound walei 
duung tlie eaily spiingtimo Tim phybiugiaphv ot the vicinity is one of Lho tatloia to lie 
eonsiaeud in discussing the gieal dealt uction which ana caused in Santa Rosa b> lho iceenl 
eoithquale 

The shock at April IS nxid the ensuing flio caused a loss of life of 01 identified dead, w ilh 
at leaat a rioien 11 missing," and piactieally destioved the busine% poilion ot Snnln Bosa 
(Platen 71,75,70,77,78,70) The equivalent of some 7 to 8 Docks was destioved b\ Lho 
earthquake, and tiom 4 to 5 blocks by the fiio Conflicting lepoits oie ot oouise given iib 
to the extent ol eaithquahs damage in the burned disiiict The insurance have 

worked without any joint commission and no data weic obtained fiom thu ngonls Judg¬ 
ing tiom the unbui tied blocks sdiacent, lho buildings in the bui nail aian weie badly wrecked 
One man told me that a book-sUuo — Fourth btieet, beLween Mendocino and B Sliocls — 
was not bully hull by the quake and Lhnt he was in Ihe lorrai llooi and theic was not much 
damage In continuing his stoij, ho staled that people weic burned to death in tlm upper 
stoiy ot the same building because they were so caught in the dobiiB that they could nol 
be extricated 

Tho accompanying map (No 10) shown lho aruia deatioyed by the earthquake, ami liy 
the file, it plotted in the office of the county uui veyoi, Mr Nowlon Smyth Olnei biun- 
nesa man have sinoo examined (he innp and ugiee to Us substantial acauiaa\ 

The lendenco poibon of tlie town sulfeied to quite an extent Chimneys weic gonoially 
thiown down oi bo badly oiaoked as to iiaeeasilate their rebuilding Jhon twenty to 
twcnty-fi\c leudancea waio thrown to tho giound fay the oollapne of thoir undoipiniung, 
and badly wrecked In cases whioh I pcisonnlly inspooted, houses close by, on ground 
apparently just lho same, were but slightly damaged The difference scorned to bo in llio 
enamctei of the atiuctnml woik No unifoim direction ot fall was found in lho wiockod 
reeidences The lopoile of residences thrown "so many lcoL" were amounted for on m- 
vcahgation by lho height of the undeipinning which evidently doLeimmed Llio amount of 
motion The accompany mg phologiaphs are illusUations Thruout lho town Ihino weic 
numbeiless minor injnues to plaslei and fingilc ai tides 
The physiogiaphio lcsulla of the ahook uem to bo oonhned to some nunoi clocks in llio 
vicinity ot the cemelaiy witli lho possible addition of some email oieoka near the mack lied 
adjatent to the lanneiy, as given in the detailed report below 
Mr J C Parsons, city engineer, lepoiLd that ha has found no chaugra In almomontsinoo 
the shock He thinks Lheie are no changes in level, but has not yet mode any nocuialo 
mcnsuiementa of lovel No distuibancos of streets oi sidewalks worn found, xnnli as nio 
common in San Fianriscn 


Below are some detailed lopoils obtained from residents of Fwurta h«m and rinniLy 
Few people on lho street at the time ol tho shuck wne so situated as to make any valuable 
obseirations of the immediate and direct results ot llio eaithquako 
Mr J W Brawn was living on Tuppei Blaeet, between Main and Biown Stieals, about 5 
blocksi southaasteily bom the court-house His testimony u of rnluo, sa ho waa nol dia- 
tiactad by any destruction of buildings in his immediate neighborhood He was np el tho 
lime ot the fiiet shock and went outdoors to ace if he oould notice any waa es in tho giound, 
eaithquako wares tuning been a subject of discussion with him in recent oonxmaation 
On going'outside ho hoard a great noise bom the west and saw the bootups waving The 
now and motion of tieea approached him, and he took hold of a email bee near by for 
support This tree was tmn bom his grasp The giound aoemod to be in war as " about 
3 feet high and 15 feel long M Looking toward the oouit-houae. ho anw tho dome sway in* 
west and east/ maybe noithot west, ’ more or lent in line with turn, he added The dome 
fell with about the third awing winch he noticed 
Mr Given Thompson was engaged in sheet sweeping at the tune of the shook, and first 
heard a rumble like a wagon going orei oobble-stonee He ion around the coiner (Thud 



PLATE 74 








PUTE 79 






^mnn 





PLATE 77 




ISOhFIMI \I S DlblJUBUTION OF AFPARCN T INICNblTV 


201 


and Mam Hticclbl and stood in Hip aLiocl between the (hand ITnLol ami llu* rouil-housc 
Ho bUlPs Ilial ho saw Iho doino swinging soullicuil mid northwest, Uin Inlet in dcfariibing 
Uio inoluiu Iil ndilad ilial il was swinging up awl down Thud hlicel, which mtii bonlhnt 
«ahl and iioiLli ot cast " Willi Lite lait swing llio giouiul mmo up hIkhI and xlnpl,' 1 anil 
Ihcn Ihe liuiklnifc foil “All (he liuiUlingh fell ill niu-p, no chip lust " Tho dome of Uio 
eoutl hun*>c toll ai^l Down FourthHliecl Lhodual was bngienl lhal lio could boo nothing 
Ho m suir ilial ho lionuL bul one mash 

In griicial, mquuics ni In dncclion nl lull u[ buildings mol no dpfinila uiiiwrt, ni eke Uio 
answri vnu> vuiy deluuli* wiUi irn unlit uliun or good olismvulmnul Ihimi Many lohl nu* 
lhal Llano was no dunlinii id lull, Ilial lho buddings Hinifily i tumbled Lii the giinnul 

Tlio Masonio Temple and llip Thuulri, I wan lolil, loll an dureUy downwaiil '‘Ilial flic 
clAlnis dill nnl extend lie\nncl Llu* walk 1(1 feel in uny dueeluin " Tim wns Mil islanli ally 
my nlnmnlmn on puviing Ihiu lho liinml dislupl on Mar 1 

Mi M W Krilliby, Iho walohnmn al Ihp Laimeiy, If and Second Hlicvt'i, sais IhuL Lira 
liquni in llio vain was Ihiown aliaiglil up and Ihon splashed oui on all sidrs TIui lnnka 
lipl lo llui wasl A d-sloiy riamo slim Incitin' on Inc* niuili Mile* nr lho laiuiPiy mounds 
went t ninplololy down — nenng flallonnl willi liuL lilllp dins linn nl loll One id llio Ime- 
inun sanl llinL llio fall was sliglilly lo llio luulli and lluti heavy iniulmipiy wis fuund ehiso 
lo lho noilh wall on llic Uuid ilooi 

A Icsuiiblm walking in Uio nook jusl snuLh ol Iho Innnriy says lluillir luilionl cmcks uu 
inch wnla nntl sPvoiaTioda long a low days allot Uie ahoek IIo " llunka lho oiapks worn mil 
Ihcic bploio 11 

Mi haaiqy, a Learlun in the High Holuinl, stales! Uuil Uu* vilmiliun was cast ami wcsl 
In tlebriilung lho shook, ho staled lhal in coining Uuu a dnoiwnj laemg ncsl, ho wns 
Hi town againsL lho noilh easing 

A tallun laigo 1 -story linnio building on Eighth Rlicsil wiUi a Imok and alono fuiuula- 
Imn won nhiflod N 8° W On A Blicol, noai Vitlh, a collngo Ml In lho aoiilli Tlio 
litniso at Johnson and Meudocino BliooLa loll In lho noilh, while id Uu* lwo liousns al Man- 
dneino and Cnllrgp flucols, ono foil aouUicasL and Lho oUiei noilh On IfouiUi SliocL, 
lusu 13. a ii-sMlonco Doll Lo lira oasl On MacDonald Atomic, Mi Wcntoi lound two houaoa 


vonlocl on invosligulnm ol lira diierlum ol fall of all lira trsidenres win kcsl 

Tlra main haula Hem CoincLoiy, jual Inyontl lho eily luuiis on llie nuHraiwI, wns bull) 
wioekcil, but nnl lo aueh a dcgioo aa lho comalory al Hcbaslqpol Tim duotlioii cd tall or 
monuments wan rniofully no led, Iml no indioalinn of lagulonly losullod. Ol squaio 
niiiiiuiiumls of aiunoxininLoIy equal sijo aud oandilions, 12 leal nniUi, 10 south, 7 cnsl, and 
18 went (Bae puLo BOv, n) 

Tlra mosL maiknl phyaioginphio efKocLs m lira vioinily ol Santa Hima woie round near 
Ihu oomolary Jusb nmlh ol Ura oomoloiy hill ib a swampy dopicvaon Pail of this 
uLUod 8 oi 8 leal wilh lho rounalran of a oiaok along Iho sido, oxlcnduig 1m miiie 200 loci 
Tho oomoloiy is on a low hill which Ura sexton lopuils ns baing nund, giavol, mul olay, liuL 
which shown a cockj ouLciop, on lho casLoin ndo, ncai the Ira-o A cmek an inrh oi uioio 
wide wns lound on Ura noiLhoin enil of lho lull ncai lho swamp mentioned aliciio. 'Hus 
ciark could noL ho followed foi mmo than 100 focL, allho tho srxlnn iopen Is lhal al Hi si il, 
rxlondod S or 8 times Hint dislnnre A unall wnlei-pipo on lho Miulhun pail nl lira hill, 
tunning noiLli and aoulh, wns pullod apt it A pipa nu Uu noiUuiin pail ot Ura lull, tun¬ 
ning oast and west, urepoi led by Mi Weavei na pulled apart nboul 4 inches On lho soulh- 
wcsl of lira comcleiy hill, Mi John Livsoy repoiLs lhal soimal fine macks fbimod aeioss 
lho toad tunning noilh and south, and tlial lho dual was blown nway ncai the edges of Lho 
liaokx lie also lapoiLs lhal the taeos along Ura load woio swinging \eiy definitely in lino 
with Ura load, which hue tuns noilhwosl The only olhm physiographic ollorUi found wcie 
al lho County Haqiital, a litLle moie than a mile noilh ol tho cemetmy lleia low giournl 
aL lho loot of a small hul sank foi some 2 bob and springs worn loimed Those spiings wcie 
lopaitod as bLill running lho loal of Jnl} No connection could bo found between Urn dis- 
tuibanon at tho cometuy and tho hospital In lho cemeleiy a Uigo tank foil to lho nmlh 
The tank was close to tho watm-pipe that wns pullod apart on lho noith and south Lno 

At tho CaLhoho Oemetory, aome 2 milea soulheaat of Bonin Rosa, only one monument 
fall out of some 20 of tho oloss Hint wcie oommonlv ovulhiown at lho mam oomeimy 
Going taithoi oouthoost Uuu Bennelt Valley, no pnjoiogiaphio effecls woio discovered 
and lew chimneys noie thrown down 

Not knowing of Mi Butler’s trip to the southward, I duplicated part of Ins work to tho 
south of Ranta Rosa, on tho Petaluma road, with lho same results as stated in his report 


2Q2 REPOST OF THE CALIFORNIA EARTHQUAKE COMIIIHHTON 

Up the alluvial dope of Copeland Cieek about 7 imlee south of Santa Rosa, I found that 
ohimneve wen much more damaged then on the toad nottliward Eiom tho cieek lo Santa 
Roea, wlnoh usually follows tho edge of the foot-hills 
Northeast of Santa Roea, Mi Butin reports that along the read to the Butoon DntuoL 
the damage wee veiy slight, ue it wee aha on tho road miming nanhuebt fiom Santa Rasa 
tawnid Fulton Hue load, it should ho noted, keeps olofaa to tho foot-hills 
The moot eoveio Hnmng n m tho countiy mound Santa Roea wn found to the westward in 
the Yimmty of Sebastopol 

Tho great damage in Santa Ron may be amounted fra by the phyeiogiaphio conditions 
and by tho weakness of tho buildings in many aeaes The sand for mortar me usually boon 
obtained from Lhe oieek mid contama cansidBiable loam Some of the mortar teems to have 
been made with good sand and with rement Tho old bant, building, just went of tho couit- 
honee, stands alone m that pait of tha wtacked aioa, a monument to good woik Usually 
thruout tho wierLed area the mortal taLon from tbe walls is easily oiumbled to mcohorent 
Band by pleasure of the fingers. 

(G C Jam)—Yciy hub damage was dons to the gas main* in Santa Roea ue a mult 
of the earthquake, but thae wne aovuial explosions in the mains duiing the flie which 
fallowed In aevornl caaea the coat-nan malm wcie blown apait, and when unoovoied, 
the cuds was found to be separated tiom 1 to d mchoe, accoidmg lo ehareetei of giound 
At tho gBnmatmg plant tho damage was pimcipally to Lhe buck building Tho entne 
east wall foil outwanl, and Uio lcmaming walls wcie badly ciooknl Tho columiih of 
the gne-holdci fiamea wuie tlnown down, and the wata-lcvcl iu tho tank was lowcicd 
about 6 feet The halldcis wcie twisted out or position about 20° 

(C T Wiight)—Theie oeom to have boon two distinct motions in Santa Rosa, ana 
horn ninth to south, oi moio piopeily fiom nralh 30° west to south 80° out, tho olhei 
loughly fiom west lo esit Tho fauna motion scams to havo boon noliocahla ovci a 
laigm sioa and probably via tho mono vudont Theio n a bdt along the Northwalcin 
ladioad trucks in which the west-out motion wu apooially noticeable, ns shown by 
ohsoivaUona at the flour mill, the woolen mills, and tho cannot y West of this bell, at 
the tannay cn Wut Sixth Shoot, a dnlmct north-south, oi nmthwmt-southaail, motion 
wu indicated, while eul of this belt, in the region Horn Washington Shoot to A anil B 
Sticots, the noithwcBt-Bouthnaat motion wu specially evident and is tho picdoininaut 
motion At Humboldt Stiaot it becomes somewhat confused 
Moot roporta agree u to "ohoppy," loluy, a up-and-down movements following tho 
pronounced hoiuontel movement, oi between sueoemlvo hrauontal movomonts Thu 
auggeata intarfaenoe of wavea The obeeivod plionomcna might be oxplainod by the 
peerage of a senes of long, vmy lapol noithwest-southcael waves of gieat intensity, 
end simultaneously « immediately tallowing the beginning of this smies, a second eeiios 
of comparatively short wost-eaat waves Supposing tho most of the latter to base 
leached a line m the nuighboihood of Washington, A, and B Shoots, and the hough of this 
smwb tebonooi tho Noi thweetein laihoad traoks whan a cicst of tho nm thwcbt-southcast 
smiu swept down, the two motions would tend to ncutiabee each other m tho neighbor¬ 
hood of the mihuad haulm end augment each othoi in tho other district It may be 
supposed that after the pesang of this not thwest-southeast crest end before the paanga 
of another, the west-east naves were ylly nohceablo near tbo radioed hooka and 
did thetr deahuehvo wak thaie If this theory be collect,anotha "trough” ehould be 
found between Mendocino Sheet and the Southern Paoifio ladioad station Tho some¬ 
what promiscuous diioetuma of felling objeote on Humboldt Street might indicat e tho 
approach to this region To test the thorny would leqmre further observation 
(Marvin Robraean)—Mi Rohuieon of Santa Roea states that ho wu just across Fourth 
Street and north of the couit-housa, end that atflietthodomeof the oom t-houso Beemed to 
be almost over him, and a few seconds Intor fell directly out The bnok buildings near 
him ell fdl out He believes the etveet to have been vibrating in a vertical direction at 
tho don 
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(Cluulos Kubcb)—The YihinUuns in Manta Rosa wise ut hisl iwilli and soulli, then 
eoal oiul west, and finally rubral Mi Kbhes lelalcs un instance in lcgud lo Dip unilli- 
quakc which occur led nlmul S yrnia ago Al llml bine hiiltiu funioi cunio up bom uncloi 
hn house which nlniosL dmvn Ins Family fiom homo On Apul 10, Iwu dayn liofoio Uio 
shock, aulfui fumes onmo up equally as nbung, mul ho bihl his family thaL lie heliLval it 
meant onothci oai Lkqunkr 

(Mi Mdlci)—Tin vdnabum 111 Stuila nosawmc at Hi hi nmUi and earth, llion rant 
and west, aiul finally ypi Irani 

ncnriTY or saita sosa. 

(Diuiy Hulks}—Neni llio lop of Tayhn lldl, in a mushy ploco, thoio was a lamlslidi', 
the 001 tli hating slid mi a rlnyry bottom In Donnell Vnlloy Uio oounby is hilly, with 
name unckalying Insollio foimnbon, and voiy lilllo damage was donp. llcyond a chsr 
lancp ol about 3 null's fiom Sanla Rom, only an occasional alumiipy wau found thal 
had I icon injuicd, and Uio cflccl was much lc* aa hightn giound wan renphod Along Uio 
Sonoma looil lo the Rincon dishiot school, boyoml 2 xmlm fiom Mania Rom, Hip dnningp 
was vury sliglil Tin rood follows Uio mcpk, bul boro ihc lulls comp down lo tho ciook 
Ovm ludf llio rhuuiipys wrao uninjuiod, and none woic completely Uuown down pvccpl 
liglil along die oicok No hollies nm glnaaca woo Uuown limn the Imi-iooui rimlvps 
Along lira amok lira sliock was nunc aovno than track bom ll In the vicinity of lira 
Sonoma County IIot>plliU, Uio rad is voiy like Uio Santa Rosa ami and Ura duck waa foil 
inoic Glauob and bolUca wcio Uuown hem Uio ahclvos m Ura Iuu-looms, and al Ura 
hospilal a marshy iriorc along Ura meek alipl toward lira aook and Uu flaw of hpnngs waa 
gipally mucascd. lira hospital also waa piplly badly JiMp H A bip was mmin out 
mi lira Pclnlunia loail lo Ura Oopeluid diabut aolraol, Ihon lo Colatp, lo Ura Duiliam 
disbud scliool, and lierk to Santa Rosa Ura load followod Ura bam ol Ura lulls foi 
about 7 unlod, llran lmm<d mlo Ura vallqy and was on Iho valluy floor Ura lomoimUs of 
Ura way On Ura hiUsnlo very lilllo damage wan done, oven lo olunincys, while m lira 
vallqy Ura rhinmqyH weio as a iule Uuown down I could liaai ol no ciadm m Ura 
giound in lira valley; and m only one jdnep, about 2 miln fiom Ronla Rom, on 
Iho Pclnlnma mail, could I hcai of any incioun or change m Hip flow of spiingi 

Pioin these observations iL was appaienl tiiot hnea of equal mtpiihity would follow Ura 
coiibiur and geological linen of the oounby, and that the ohamelm of Ura md mi which a 
budding stood deUumurad Ura piled upon il, m the apparent mlonsity of Ura shook 

Tlra genciol mebon of the waves ol tho eaiUiqunkc, aa icpmtcd lo me, was bam north 
to south 

Colala (C L Jafficy) — Al Colatc, 0 or 10 rndos houUi of Santa Rom, on the open 
lovcl flooi of Ura valley, tho suifaco of tho oaith waved like watm, objects wmo Uuown 
southeast, hanging objects swung nmUinaat and southwest Only one m«™m . n 
obsoivcd lira swsyod heavily, and Uran was a sound aa if a stiong wind worn ooming 
beloio the earthquake began 

Wdh Etui qf Santa Sou (E 8 Lanon). —At the city pumping station, 15 hhI«« peal 
of Santa Rosa, thme aie 4 wolla dug 50 brat and connootod with a tunnel 450 feet long 
Within each wall thme u a bored wdl 8 indies m diameter and 108 foot deepen than the 
dug well The water began to nee immediately after tho ebook, and hoe risen, May 8, 
1006, 15 feet higher than it wee before, altho Ura pumps have been tun to their full 
capacity Ura watm tastes man of sulfur surae Ura shook Tho shook caused tho pipes 
and boiler to leak 

At Peters' ranch the warm spring was little effected Mr Petma, the younger, nys 
that far a day m so after the shock Ura water m Ura spiing woe lower, but that it n now 
normal. 
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Sfbastopul, ffimomn County Population WHO IR S Hohvaj )—HcvpiqI building* 
awe Lompletoly wieckul (Plite 61 a, b i Ttic 2-hloiy Knowles IIoIlI, a Ii.imo 
building, seneeiod with buck, wont completely down, flattening the fiisl stray Tlie 
wall* of the hotel tell out, so that the occupant* of tlie looms m the second stray wmlkcd 
out on the {pound tael Tho uppei pail of a buck stable was uieckod, also tlie uppei 
pail of Ihc Walkei Building, winch is to the ninth in the same block Thice stoics just 
couth ol tlie post-office weie eomplc loly wrecked Ninth niul aouth nuIc nails both tell 
south, one tailing out, tln> olhei into the building The contents wcio hnrlly scatleicd 
A new fiamo house, a 2-staiv eti uctme, was moral fiom 3 to 8 inches on lliu conciclo 
foundation and tho mils who ci nuked and wianolied 

The icinctmy, about 0 7 mile west, is moio scvcidj wiecked than the Santa Rosa 
CemctLij Newly 90 per cent of tho uionumcntb of an) sue weie lliiown itavn (Sea 
pinto SOc, d ) Hie gicat umjoiitr ot sqiuuc monuments I Ml south Hie hcn\ v Talmuge 
monument won moral southeast on itt> bone The sheet lend unrlei the southeast coinei 
nhuws one set of lcguloi stiue, the lewl unilm tho with roiueis is untouched Cucks 
occm in the gioiuul new the ceinetoiy and neai 1 the BuiLnnk iwich 

Mi R M Hathaway, wilting fiom a plica 3 miles noi thwesl of Sebastopol, sends tho 
following liifoimaUon 

Many fnme building* m tlie vicinili weie t hi own liom then toundnlions and smne of 
them so damiu<ed an to be unuihibUahle Chimnej* weie all bhaken down, nho buck 
fuuucea Theie me no buck buildings mound heie Hie caithquake at mi point of oh- 
seuntion seamed lo have an oscillatory motion, tho vihiubons tiaiehng noitli and noutli 
Hi house is n two and one-half etoiv tismc budding on a low mlge of sand} hills tunning 
uoi th and south, west of and parallel to tlie Santa Ri*n Valiev AH object* named to have 
a tendency to move ton aid the south All tuimtuie ngunsk tho ninth walk was thinwn 
down violently, aomo on the south wall going down ota, while some lemained upughl ns 
tho suppoited h> tho nail Puimtma against the east and nest walls was moved towaid 
the south 

The shimnej * all fell to the south Window casings on east and west walk ncie snenehed 
so aa to bleak some gl us Injur) to the fiaiae houses in the vioinitv. npoit fiom damage 
due to falling chimneys, seemed to consist in throwing them fiom thou foundations, jiul 
whrie a homo consisted ot seveinl poitions in the form of wings, these wcio sepaulerl The 
foundations m come instances ciusht, letting tbo buildings down to tho mound Wdl- 
conbLruotad frame buildings, whole the foundations wrre low, did not coUapse At I lie 
holieslopol Cemetery, about a mile west of Sebastopol, the monuments weie naaily all nvei- 
t hi own, falling m all dueetiona, lit ho I estimate that lully half ot them, if not moie, flail to 
the south I did not notice nnj change in water lesol, the change if any being imall Tluna 
weie Nome hssuies made in tho ground neiu heie 

Piesidoul Dai id Utau Jotilan conti ibuteo tlie following note lelativo lo tlio cfleclN ot 
the eaithquako at Scbohtopal 

The violence of tho leeenl earthquake wns iary great at Santa Rosa, much less at Petor 
luma, which is equally neai tho clock and on still flatter pound, and still less at Han Rafael 
hrthei south but tho same diatanee fiom the eaithquabe Rift At Heheslopal, 0 milas 
west at Santa Robb, tho violence wob lelativoli still gieatei, the ullage being tiemenduuslj 
shaken up At Bui bank’s laim, 0 fi mile west of Sebastopol, I noted the*e things In the 
lot adjoining, to the aouth, (he soil being claiei, theie is a laigacmok tunning noithwesl 
and southeast, oi nenil) bo, and, aec aiding to Bui bank, n 26 mile long It runs thru the 
fields nnd weeds, and wob very distinct on August 0 The and of this crack comes up 
against the sandy hill occupied by Mr Bui bank's oi chord The crack doa not ohow llielf 
in the hill, but on the east ode of the line of the crack the iowb of usee and plant* weie 


2 or 3 feet A well of Mr Burbank 1 *, sunk m the sandy ground, i* bodily shitted, without 
being injuied, along with the rows of plants between which it ib placed No crack appears 
at the surface in Burbank's ground, but an the other ride of the lulls, to the noith of it, I 
was told the crack reappears 
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Vfi oirling lo the icooiil of Maltha and Solway, Bimil'u clock’s appeal in the oome hno 
1 anlob anil 0 miles noilh ot Potalumo, aiul theie boom lo be nilici bleaks on the nay lowaid 
1*01111 Dclgada It arems ociUun that thu hid ciock is an nnlliquakc nfL, and that tin 
diduilmniLi it Santa Item nnd UebMtopol aio due lo Lln-s and uol to Hie iuiuii llift wlneh 
lies paiallcl to it tu the west 

Mi C! Is Oillieit also vinlul llic Builiank faun al Mehistupol, mul umluhulcs tlie 
billowing nolo lcUiimg in puL to tlie iratks disi usl by PussidunL Joidiui 

Mi Tailliet Uuib uik gave meannrcounl of pcibonil npeivueiMiul of vaiinus pliuionicna 
at S'inia llosa, <ind 1 iccoid suili items as aie supplemental!y lo Piofcbsoi Unlway'a lopoil 
Mi Huilhink was awrske at the lime Ho uninecli'itelv got oul of bod, but lound he could 
not stand, aiul sell tail li ick against the bad, liolding on to the n uulow casing and liodposb 
Tiie initial liupulsu was fiom llin wesl, and dunna the hist pailion ot the rnilliquako tlie 
innlum was nsiillatoiy, eobt and west Then it became oscillntoiy noilh anil south, and 
at tlie close tlioio was u complex motion which lie c oinpaiod with that of a \ essel m a alioppy 
sisi Fiom lira window he saw liocs waving, nnd nltci the licmoi had ceased Lie seemed to 
see a conLinurd disluilmnrc m lho tool-hills at Iho cast, is lho the liomni was lei rcaliiig in 
that duet lion Ife sunl that piuelicallj oveiv ana in b inta llosa who was on (not at llie 
tunc was iluown to tlie giomul, but that men nil Incytlos wcio not upset Duimg moio ' 
than dll visits’ icsnli'uoo io Kanin Jlnsa he lual lelt about 130 eaitliquakes None weia 
ooiuiHiialilo m violence witli tlie lecanl one, lho uncial b.id bioken clumneis A iiiunliei 
ol eai lluiiinkcs which wue fait gcncialli in Santa Ro*i had not lieen lelt al all u .Scbnslojial, 
aiul lie Uuiught tliat Santa llnsa won peculuuly nubjecL lo bliuka 

A nliook was loll m Santa Haul on Apul 17, lQUb 

Mi Lavnciun, foreman on Mi IJuilunik's fmm at Seluistonol, spited tlial men standing 
ni walking at llie Luna ai the shock waio thionn fiom Lheu teat, a vein cows und homes 
Tin Munll house on tlie Huilnuik place wns moved liom i(b foundation* a fon inelies down- 
lull, and Mi Inwienra mentioned a numbei ot houses which had maiad vaiious dutancob, 
the dneobon m oven on’o* lieing downhill On tin lluibanklm m a small Innilslidcoceuuod, 
a lnyei of muisL suit only a few feat in thu knebb moving down (lie slope, iniiaduung bciula 
in vaiinuB lines of (ulUvaled idaiita I uiw anelliu fealuio of this soil on an adjacent hum, 
and won told of olhais which I did nol visit 

In n Rcniai.ii mile oil tlie uilensity ol llic eaiUupuiko, npixmilcil to iletuiluil oIjsoi vations 
which luivo lieen uu oi pm alts I m the loicgoing nunnuil ol lho Uistiiliuluin ol uilousily, 
Mi U K CIiUxtL snys 

In goneial the vuileneo seems lo have boon las in Petaluma Ilian in Sebastopol, Sonia 
Rosa, or Maaciunn, ' ' ot that it ia noorei the main fault. Aa oompaiod 

willi Hclnslopol iuk Polaluma ceemo to bo on relatively firm giound, 

eveo|»ling a small disiiirl boideung lho mushes In a genual way, I Hunk tlie iclativo 
vinloneo in lho Ihico towns uniinsponds lo Lho clminelm ot then foundations, but cnnudai- 
mg Uie clistiirl ns a wliolo, in relation lo disliicls ncaiui lho main fnull, il io ulem that llie 
inLoiibily wu exceptional!) high 

Altruiia, Sonoma Covnly (R S Ilolway) —About 6 milos naith of Sonia Rosa, at 
Alliuna, amoks mo soul lo have opened m llie iood, and apt Inga to have flowed Cm a 
ohoil Uine Thaio was no indication of ciLlici last Mai 

hlaiL M Springs (R S Holway) — Tho coneielo walls of acini ol spnngp wcio 
oiackod and damag Ml Chnnnoya fell on tlie house Tho sptmgs ue lcpmtad as flow¬ 
ing much mao ficdy, and the lompmolmc of two of thorn is said lo be veiy much higher 
iliwi bofoio lho earthquake Thoy uo now quite wsim to tho hand, and it ia eud that 
they wme foimoriy I could get no lehohle mloimotion u lo tempemtma, u no 
lecoida wme kopL Tho uici eased flow is independently Indicated by one urns tantiol 
ovidonco 

HWiior Population 180 (H 8 Ilolway)—Heie 2 or 3 buck buildings weie badly 
wiockod, and tho walei-lank at lho lailwoy elation wu os oi thionn Tire cemetay 
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about 16 miles south of Windsor is on loir, tolling hills Only 4 monuments out of 35 
to 40 ol the da«s wieckcii at Sebastopol and Santa Rosa wue tin own down 

GuaMedia Population flOU (RSHolwayi— In thk> town all bi icL buildings ncie 
badly wiseked Chimney* gone tally fall The Oommeicial Hotel, a liamo building, 
was tutted slightly, oontiadockuise Under the houso of Mi Tuinci, which i* built 
on piles, the pika on the east side wue thrown 8 inches east anil those on the west sale 
4 inches ninth Mi Turner reports the shock as clearly from north to south His 
wmkesses wcit thiown from north to south The cometeiy, which is on a teuaco 100 
feet by aneroid above the flood plain on which the town stands was very slightly affected 
One monument is reported to ha\e fallen Three or four ahow alight shifting 

SANTA SOSA 71X1X7 TO SIS FBASCIBOO BAY 

Petaluma Population 8,000 (R 8 Hulway) —His inspector of chimneys lepoiled 
that the peat majority of chimney* fell (See tig 04, page 841) In east Petaluma, on 
the lowland, all but 4 fell Three brick stales had the entue front thioun out, and 10 or 
moie had top* ot fire-walls thiown down Hie atone hay-barn ot McNuu uas wiccked, 
also a comer ot the stone warehouse Hie 2-stoty biiok silk tuetoiy had eveiy coinci 
unedited The central towei end the huge buck chimney were thioun doun The ice 
[dent near the station had the high buck stack thiown, wrecking part ot the building 
The Golden Eagle, a 4-stai v brick flour null, was not damaged, but the 1-aloiy addition 
and a 1-stoiy stone warehouse had poitions of theu walls fall Theio aie no authenticated 
npmts of macks in Petaluma nor m tin low tidal land* immediately adjoining Vague 
lcpmts to this effect wme not vmifled iSoo plate 78 a, c ) 

Laladle, Sonoma County (G A Bod well) —This plane is about 8 miles soulhoobt 
of Petaluma, on a hill slope nosr tire tidal marsh at Petaluma Cieek Chunnoys woio 
ovm thrown, plastering badly rnaakud, and ditties broken Chimneys and objects wme 
thiown to tho southeast Hime wme 2 mamma in the *hook, of which tho second was 
tho stronger The maimnmit was fiom southeast to northw»t 

Petaluma northward up Sonoma Mountain (R 8 Ilolway) — Nor theart about 2 miles 
auoss the low land, chimneys wme thioun down and fuimlme was moved No macks 
wme reported in the ground Thence northward to an delation of over 1,800 feet, 
nearly all the bnek chimneys wme down Houses are usually ”"*11 1-stoiy ftamo 
buildings Articles waieiepoi ted thiown from the shelvea and funutuiemoied "House 
shaken so severdy I could not walk across the floor," was a common atatemunfc No 
landslides wen reported, sltho quits a number occurred in this legion during the winter 

Petaluma to Sobaatupol (R 8 Hoi way) —A drive along this rood, which keeps near 
to the western line of Banta Rosa Valley, showed an ’"fluff"; intensity of shock from 
Petaluma toward the northwest Chimneys wme quite generally down along the entue 
line At Jin's ranch, about 2 5 miles northwest, 8 ciaohs with a veiy slight dropping of 
small Hooks between them, are reported A temporary flow of water was reported from 
a ciook by the road Small crocks wen reported an tire road about 4 miles from Peta¬ 
luma Near Stony Point aohoobheuae, about 0 nules out, 10 crooks across the toad wars 
reported by tho teacher At Nsnon's ranch there is a landslide of the hank of the lagoon 
100 yaida m mote ui length Foui miles from Sebastopol ie another lamUinta nt Davis' 
ranch, wheie a house was thrown fiom its underpinning Craoks were reported at 
Hansen's and surma! plaea Hum s a distinct increase in mocks landslides m the 
appioach to Sebastopol 

San RafaA, Mann Cuunly Population 8,000 (R B Hoi way)—"Half the ehimneys 
down" was a hequent report Hart ol them were rebmlt at the time of my vbit "AW 
Foster's place, on tho lull* to the north, had 100 chimneys «nH only nna fell 11 A bnek 
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building one block noitli of the station had Lite top of llie end wall tin own down K 
3-atoiy buck liotcl was vciy slight lv <lucked On Mb} 1 tlu loitn showed no sign ot 
eailliquake to tlie casual oImji vu A clock ono block long, ninth anil south, in low land 
neai llie station b lipuiled At tin* Hotel Kan Ualoel 2 (lmiiupys i**ll mi Hie mor and 
poich At llu> ccinclciy, 2 miles noitli ul Kan Haliu‘1, only J iiiniiuiiieiiLs aiul sunn 8 
(losses loll Mi Weasci lcpoils that on 12 houses neai llie stnliou and lliu Hold Hon 
Italael cIiiiuik vs tell east Mj own iiiquinis up loan vveu gents ally nnsweied l»y “all 
dueclionFi, 11 vo lui as chimneys urn* couch nod 

Kan \nselino TbeolngicaL Keniuiaiy u a tdemo builduig on n looky knoll, not Uni by 
toils Tin: lower ol the liliiaiv loll, pail ol it cmslung Lhiu llie uml to the hist floor 
At llie doinnloiy llie coping on top ol llio walls aiul tho chimneys liavo fldlen on all sides 
of tho building 

Mi Fiank M Watson icpoils tlu.* following elterts nt llio isu lliquake m Kan Rafael 


In Llio diug slme of Mi Inman, Fouilh and C bticels, haiulieds of bullies weie 111 town 
fium sliel\es luniiing oast nnd wrsi aiul hollkb on shelves tunning ninth aiul bauLh weie 
llunwii puinllol mlh llio shelving 

Vl Ht Foul's C'huicli, Fouilh and K blioets, Lho chimnej moved 0 375 inch liodlly to Ilia 
uoulli, aiul bucks weie eiuslil oul on ibe ninth side A chimney to llie west of this was nvra- 
Ihiovvn The Giunmur bcliool, wesl of this chuich, luul 2 alum nays down Hie High 
Kalionl to llie south sulloied uo damage, but bodies moved on a uhall niosilv to lho west 

At the house, 17 Fouilh KiiecL, on level land, Ihc oocupnnts fell 2 b hoi La with a vciy 
sliml mtoival lietwwn, the fust being lnngn and bghlci than llio aeeond Tho gononu 
ilucclinn of limvemenL whs lluiuglii Lo lie uisl and wosi The chimney tell cast Tna clock 
slopt Thobhork was liglitoi on the using gnnnul to tlu south, as mlciicd tiom lous duniage 
Lo eluninovu m thnt duocLion 

AL lho liouao ol Mi W Uolieilum, 20 Fouilh Slreel, on lesd hind, an ujHind-down 
motion wab rspownied Tho muldle poiliun ol tlu alioek was tho heaviest, aiul it was than 
lluil a maililo moiilel lell out 


\l lho luiikliiig oeeupird by Mi fieoqgr I) Klieoioi, 305-210 Fouilh Hticci, on level 
laml noai lho dentil, tlioio is a iiaek luniung noitli mul bouili, 1 dmimojM tell wesl and 2 
email on a dal inel Hie noilli end of a wall ol ilia budding tell nul down lo lho lovel nt llie 
sccond-slmy llaoi Tlie coping an noilli nnd soulh whIu loll oil, and pluslci was IMidly 
Mucked on uundo imililHins In Lho odjinmiig house, Mi Josopli La Fmnchi wob awuko, 
lus liod b>ng oobi and wool Tho alioek wns nmlh and south Tho chimney iinm llio no\L 
building ciashod down iluu Ins housa 

Al llio oflirc of llio Wcaloin Union Tclcgiaph Co, 60S Fouilh Hlicol, a clook facing llio 
oiibI olopl at B* 13" A H 

AL tho jowohy sloie of Mi J D Honnoll, 700 Fourth Rlieol, on lovel giound, 2 Lugo 
aeouialo pendulum chicks hung 10 feet upait, ono on an east wall and llie olhei on a wabt 
wall One alopl at 6* 12" 36*, the olliei at 5 h 13" Them clocku do nol vaiy 3 seconds 
in 24 houm, and weie light al noon of lho piovious day 

Al Lho (hand Genital Hotel, 720 Foui 111 SLicoL, on lov el lund, an up-and-down motion was 
Adi, llion an oscilhiLum horn oasL lo wesl Tlie building, buill of buck in 1800, is 3 blot ms 
high II shows a eiack 0 6 inch wide m lho eaat wall, extending fiom the mof to Lho second 
floor, and thoio weie also macks in lho south wall ovei Ihc windows Some plaslar fell 
nnd ono chimnoy was hrokon 

At ihe house of Mr Gcoigo L Riehanlson, oounLy suivevor, on Harrauit obieet, on lovel 
land, 2 ohorks wme cxpoiicnced. lha Aiat nppaicntly heaviei than I ha second, both being 
of ahouL lha same duration The abeillalinn was bom oaul to weal No damage to rau- 
rfnnf n Al hm offioo in (Jia couiL-house, lha maible back of a waahotand was thrown went. 


and plaalai waa eiaaked on out wall ... 

Al tho he n— of Mi L Aimsuong, 206 Ross Rtieet, on a faillaule 60 feet above aaarkvel, 
imlk and cieam alopt hom pans a little noikh of northwabl Them was no dam sob to 
buildings or ohimnoyi m the neighborhood, A Blackening in violenoa won noticed about 
tho middle of tho shook ... ....... 

At the Ban Fmnemoo and North PooiHc isihoad depot, on laval land 7 net above aoarkvel, 


movement H yihAwp shook for 2 minutes by the watoh m an aut ami want duectum 
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The clock stopt it S’ 1 12" 3tT It docs not vaiv 2 seconds in 24 houis, nnil is set dully In 
telegiaph A clack vu toiraeri m (he giounil 100 tul long, tunning nmlli anil south Tlie 
gieatest dam lge w is halt a block iimth nt the depot The depot ltselt butteieri no uyui) 
At nn unoccupied 1 louse on D hlieet, opposite Ium htioot, a chunnei moied 1 meh »ftl 
and twitted tloekup-e about 5° 4 second uhininoY moved bodil) west wuid 0 75 melt! mul 

was amilail) lotated All the chimneys in this iicnuiv weie duun. 

Vt the gioueij ttoie ot 13 I£ulepki r Fiht awl E SLicotHi a 2->loiy biu.k builduiff, all 4 
clumne\b weie eiackcil but left standing Qoods m Llm stine weie Lhinun (torn slielvib 
tunning noilh und eouth, ind in i kn ntgiee fioni dichet lunmng cist nnd west Home 
plaslei tell tiom the ceding, and all chimneys in Llio ncighhoihood weie riunupd 01 (hiown 
Mi W Robeitson, Lil\ inspertoi nt chimneys, icpoits that thoie ue 1/200 chimney 
down jinil many inoie diiruigcil Piobablv 100 neie twisted, the nmount and diicclmii 
ot the tnibt beina quite vuiablc Unit oL the chinintji, liowetei, fell noithcastoily On 
the hills tlic shock w ib lightei 

\t Hrhenlaen l’aik. 1 5 miles cust-southeabl of bin ltafnel, on luid 7 fort nhnvc sca-Iesel, 
2 shoe kb neie felt the hist light and long, the second haid nut shoit, the riuetdoii oL 
moiemenl being cist ot noiLh Theie was no sc nous dam ige to buildings oi cliuuiicis, buL 
wotci-pipes weie bioken, nnd theie weie many small hsbuicb in the neiglibonng giouml, 
tunning noith and souLli 

t( the Cutlmhc Cemclei), 2 miles noilli of Han Rilarl, nil using giound, an up-aiul-dnw n 
movement was e\pciicnccd A clonk in tlie house ut the guaidian Lipt ovei, bn( no dsmuRO 
was "u bwinnwl in buibliiigs Theie weie 3 monuments nnd a few light liussCs oieilluonu 
in the cemetn\ The chimney ot the buck \aiil, a mile to the uisL, lemained intact 
At the lesideuce ot Mi C Da), neai the Man Anselmo Semmuy, tlie east chimney w is 
twisted clockwise 10°, and the phunnev on tlie chrneh next dooi wis aRecLed m the samo 
may Things on the w dls tell Last One chininot tell wesL 

Novato lF M Watson) —Town is situated on sloping giound Mi A bcult slides Hint 
2 shocks mac fill, tlie hist mhL qimI wcbl anil light, llm second noilh mul south and hcavu i 
In tho gLOcei> stole tanned goods wnt tipL soulh on slidvcs miming noiLh and noulli 
Chimneyb as a lulo sue nul daiuagLil, but the top ot Mi Meott's clumncy uumil 1 inch 
to the southwest Two clock* wac btopt 

Sauvihlo (F M Watson) — Nearly all chimneys wne (hiown, most nl lliciu tailing 
about noilhwusL Mi London's l-stm v liouso, on a lull about 12T> tect alravc sear-let cl 
on haid lock, was inovcil slightly to llm wosLon Us foundalionN On this liouso 2 eliuii- 
neya tell to Uic west The eiulh wo* ciackul on lira low giomul tuuu the station, tho 
fibsuies tunning noilh nnd south Tlie milruorl dock slopt at tf 1 Id" 
iIt Tamalpaia (W W Thomas, ot the Wcathci Buienu Obscivatoit ) — The obsciviv- 
toi v hint slight depiession between Uio ea-t oiul nnddlo peaks ot tho mountain A 
numbu ut loundul peaks loi m s |A eminent i idgL about 3 nulcs m length, extending nuuly 
oobt aiul west, and hating nn ateiagc delation ot about 2,500 leel Rooks aie exposed 
cmvwhmo at Uic suitaco No ehimncvs urn uthii tall stiuctines wcio oicithiowu, but 
ornaments aiul small objects weie thiuwn fioni shelve* tlial ion noith and south, oi weie 
nunc oi losb displaced m a dncolioii somewhat south ot west oi noith ot east limn then 
anginal positions No ohjccts toil horn shelves that ion cast and west, and no object 
moved noith ai south ol itb ubual place mm obuned An nnemomulei toll fioin the 
uistaumcnt stauil to the float, whcie it lay m a dueetion about wcst- 60 uthwcHfc ot its 
place on the btond Tlio instiunicnt is so bolnnccd that it takes no gieatrn fmcc to ovoi- 
tinn it in one dime turn than m aunthet Time weie 2 maxima in the shock, anil the 
fnsl wab tlia ntiongei The dilution of movanwnt was about west-southwest and castr 
noitheaat A vuitical movement b intcncil Fioin the fact that all foui ot the dilution 
mmb on tho tuple icgiatei lecmderl at one time This would indicate that tho mstiu- 
ment leconed a sudden jai oi scue- of jais m a veitical duoction, foi no electucal contact 
not any amount ot lotaol shaking can cause all font ot these aims to leconl at the samo 
tune Some plastci fell, nnd a pait of a loosely constiuctcd atone wall was thrown 
down 
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Angel ItJand Light Station (His J E Nichols) —Tlio sluxk lcumblcd Iho jolting of 
a laduoy tuun which, tunning at Cull speed, luul Ml llu* tiocki aiul wa* humping oxoi 
iho tin It was accompamul hum tlio beginning In a luuil hum* wluoli giadunlly dc- 
oicaxod bb dio jolting moliun ccnxcd WaU'i standing in a jhuI wo* tluowu mil 0 [uol 
tiom nmllionst to soulliwat Tlio thick was htiipt Tin* liny woo calm A uunenL 
liavtmonl wan eiaoked Lo pieces Hio station ib on solid iuek 
Yuba Buena hland Naval Tiaming Station (Capl A T Manx) —A heavy xibialoiy 
shock WBb foil 

Aleutian /aland —A licnxy bluiek was fell in which Uioio vac 3 maxima, Iho middle 
being the sbongohl Ohjccls wcio oxuituiiiud m cvuiy dnocluui 
Suuthcabt Faiallm Idand (James A Boylo, ansislonl discs voi of Uu 1 U B Woatluir 
Buicauj — Tho giound ib eoniiiosul almost onlliely of solid lock Tlu* WcaUioi Buonu 
building n on a naiiow nook, 15 loel above bca-hivcl, botwocn 2 peaks aixiut 3U0 loot 
higli Objocts in this building wcio thiown oast A bLonu weigluug aixniL IHO puimili 
slid 0 India weal by south, and waa luinod sliglitly oountoidookwise Tlinu was no 
lolaiy non xoilicnl motion left Theio wcio 2 maxima, ol which the fust was the sLrungii, 
and Uic motion was cast oiul wcbt in both cbeob Tho oidy daningo done was tlio npuning 
ol a mock across tho entno fionl of tho hioploeo. Two rook blulos, of about 1(X) toiib 
cadi, oecuucd un ilia wost and of tho island At 10 h 00“ \ m , Apiil IS, two distinct 
vibialums wcio Idt They wno oho foil by Mi Lag^a, of tho WuaUici Buiemi Station 
ol FoinL Royos Light-houao, with whom Mr Boylo waa tallcmg ova tlio telephone* at Uic 
time, 3 seconds bofoie thoy wme felt on tho island 

SOVOKA VALLEY 

In the Sonoma Valloy Mr E S Lai sen made the following obsorvaLuma 
Mehta — Ghimnoys an all down and plaata bomowhal broken Shook aoinowhal 
lea than at Santa Boa 

Botwcan Muliln aiul Kenwood conditions wme about the sanio Neatly all dnmnoja 
won thiown down or twialod 

Kenwood — Moat of tho chirancjw wmo down Tho bilok liotol was not much injuiod, 
hut a faw pooily eonatiucted 1-aloiy atone buddings wmo somewhat damagod 
Ginn BUen —Chmraojb wmo noaily all down. Pbpp'a pooily oonatiuctcd 2-sloiy 
fatono building waa damagod bo that Uio uppm alory had to bo loin down One wall 
of a buck building wlion boon had boon lcmovod to mako loom for a stairway was 
much cracked Tho othoi walla wmo hltlo damagod A clock with a halt-ooeond pen¬ 
dulum, facing south, stppt at 5 k 13" A fiicman and an ongmom on the Ban Fian- 
oisco and Nmthwestom Radioed ooy that tho shock alaited at exactly fi k 13" 

Eldridge, Stain Home —All chimneys wmo thiown down and tho upper atony of each 
ot the 3-atoiy busk buildings waa bo damaged that it had to bo romoxed In a fow 
caaco thme won aocka in the lowei atoms One laigo elcotno clock with a second pen¬ 
dulum, facing northeast, stept Anothm dock with a half-second pendulum, being 
southwest, did not atop, but its pendulum was turned about 20° clockwise 
AquaCnhnnln —Moat of the chimneys wme thiown down and the plaBtm was clacked 
Theio was little damage to tho back and adobe homes 
Boyen Hat Springs —An artesian well 07 feet deep now yields a larger etream 
Bl Verano —Nearly all dumneva wme down A clock with a half-eeaand pondulum 
and facing east stopt at 5 k 15“ 

Sonoma Population 050 — Chimneys wme neaily all down Soma of the bndc 
and adobe building wme damaged, but the shook wae much lea eevme than at 
R os a At the HiUaide Cemetery, 0125 mile east of tho railroad depot, out of about 18 
tombstones over 4 feet high and having the usual aquaie or lound section, 13 wme 
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turned on then bases bam a Tew drgieis to 20° countmlockwwo, 2 wine down and 
2 had the top ornaments thiown alt At the Catholic Oemetny, out ul d tombstones ot 
Lbe above typo 1 atone wa* turned cIocIewkc and 1 oaunteiebckwi*c Tins ceine- 
leiy ib m the vallcv The Yalta} Ctmeteiy hi* 2 tumbslonoB out of 0, of Ilia above V) pc, 
luincd countacbckwise Hie Sonoma Valtay High School had 3 uhunnej* out ol 0 
tin nod countci clockwise, tlie othci 3 fell 1 round chimney* on 3 othei hou*p* turned 
countci clock wise, ami 1 chimney turned clockwise Two miles south of Honoina, at 
His William Clemons', all 8 alumncys wcic turned eounteiclockwise Mi T A Lewis, 
physic* tcaclici at the High Sehooli itascnbed the diock is bang at fust a tembtai, 
ubiating noitheast and southwest, then a shout calm, and flnnll} a Longoi and haidei 
twisting duke Di Gicy, ot the Sfato Home at Ekhnlgc, and sevaal othci*, gave a 
suniUi doseiiption 

SkeUmlle — About thice-louiLh* of the ohimnoys weie thiown or twisted 

EAPA VALLEY TO IKE SACRAMENTO VALLEY. 

Napa Valley (C E Weavei) — At Calistogn, population 700, a laigo numbei or ohim- 
neys tell and 2 brick buildings wme thiown down Clock stopt A few loeal slidt* on Lite 
south Bido of Mount 8t Helena wore confined to the ulluvium At the town ot St nduna, 
population 1,000, a stono building of tho California Wuuav Association was alighlly 
damaged, and S buck chimneys m tho town wane ovathiown At tho Vetaan* 1 Home, 
at Yount villa, the buildings eoiwti ueted of In ink and atone had two comets thiown down 
and tho walls clocked At Napa many brick buddings weic mocked, and walk thiown 
down Chimneys wae gunciaily ovoi thiown No ilamago was sustained by Uio conoictc 
buildings, noi by the modunny contained in them, at the cement woiks at Napa Junalion 

CaluJuga, Napa County (Dan Fatten) — Nothing was thiown down in tho house 
In the milk-house aeom wee Unown fiotn full pone on the noilhoast ode Alaigcwatci 
liuugli nosi the house had tha waits Lhxown out on the noilhoant sulc Same Lugo took 
wbs thrown ilown bom dills up on the mountain (Mount St Helena) at an elevation ol 
4,000 reel an the noilheabb udo Mi Fatten wa* m bant of tho house, tho oast side, and 
heud a iu*hmg noiso He had time to look up the toad tc tho south, and then turn and 
look ninth, expecting to aeo samo test dming teem, beftao the shook came He fell 
filet a Irumoi, end then 2 heavy thumps a few eceands apul, then tiemme giailuully 
dcoieeamg until piobably 0 75 minute haul nlbpwH 

St Helena, Napa County (F Blschowaki) —At tho Samtuium neai St Helena, 
which is on a hilkule with lock nesi tho sui face, objects wae thiown mostly towaid the 
east Borne chimneys weie turned countoiclockwise, and a twisting motion was fell 
Theie weie 2 maxima in the shock, the second boing tho stiongn 

Ruthajoid, Napa County — Mi Joseph Mina was staiting out on his bicycle whan he 
hoaid a bud noise like that of a counby wagon, he stopt and was then »»hnlpn by the 
earth moving violently, the bees swayed wildly Tho sound and the shook came bom 
the southwest All die wine-ccUais and *ti uotuies that were not wdl built weie psi- 
tiolly thiown down ChimneyB name down bom all buildup Niebaum’s wino building 
showed no clocks 

The Veter am' Home (A Biownl — Tho Home is on doping bench land m the foot¬ 
hills on the west side of Napa Volley The uhimneya an some of the buildings were 
twwted sioutul, end some tumbled ovet Mi Biown fait his bed locking north and south 
foi shout 15 seconds A clock stopt Some plaotu fell at the new hospital Only one 
maximum was obeeivod in the shock 

Mi J M Ctaik, of tho Veteians 1 Home, who lwaintain* a seismogiaph of his own con¬ 
struction at that institution, lepoits diet the heidest poibon ot the shook rams, as neai 
as he could judge, about 20 seconds sftei tho beginning Thera woe a rapid ■ m 
intensity up to that time, then dome the gyiatny, upweid, jeiky motion, whioh was 
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veiy mmuo Thii ronlinuod fen about 10 becomd*, iuuI lliou cniuc a *WHYing inouon, 
that Beamed at light angle* to the hi*l 

A chimney stack, ol buck, 120 l«*t high, lwloiiging to lira inwri-hoinc on the Home 
giounds, was shatleicd It* laciaugulai lau* honied In the 1101 llrauhl, suullu'asl, houth- 
west, anil northwest, i&pw Lively In two piece*, one alxiul 10 reet and tluiothei alxrnt 
00 tccl liom thogiound, the uppei 1101 lion of Uic black was *11111011, as d Lira inLalion wuio 
horn 1101 th to west to aouLli to oast, it benig understood tlial lira motion ol Iho lsiUi 
waamaniiiveiHodncclioiiUitlial ol lira Lwi*tod dmlmturnoT liraduuumy lirawtsleily 
cainoi hanlly movul while the casleily cinirai was slufUxl srsinnl mcluw lira luwci 
fiooluie had a displacement ol aliout 2 indies al tho easltily emnai, aiul lira uppei 
tiacluio liad a suniloi displacement In tlra dispcnsaiY of Lira llonra, the fast pm Lion 
of the shock thiow lira bolllus fiom lira shelves upon nmlhwiwl anil nmitlicast walk 
The lattm poition at Ura bhock piocipilatcd the bottles fiom lira olhei walk TIiih was 
pi oven by finding articles bom the nmihuoat and aouthwobt shelves lying on top ol those 
fiom nmthwest and southeast shelves 

Napa Stale Hoepdal —The cflccts or the earthquake oio thus ilcsaibed m Uic Cli¬ 
matological Hepoi t of tho U S Waothci Buicau fai Apiil, 1000, by Mi W II. Mm tin 

At fi k 14" a u an the monung ol Apiil 18,1000, a eevore eoithquakc commenced, and 
lasted about 80 or 00 aeaanda The apparent motion at tho beginning was fiom tlra wobl 
by south to the east by noilh, a tolling motion for about IB to 20 eaoonds, tlwn a baht 
mteival fin a few seconds, then a lenewed foice of a tenting naluie, mtcnuly IX The 
giouiul, to the qve, aeemed to be ouivaimg, the hills seemed to have a roakrag motion, the 
tioes aeemed lobe ahaken by the hands of a grant, everything lookl to bem motion, the 
an waahaiy and btill Many buck and alone walls were thiown to the giound and otheia 
damaged to ouch an extent that they will have to be taken down. Noorly all clnmnoya 
were thiown down, and of those standing some aie turned a quailer way round Milk in 
pans was thrown out in an easleily and westerly dueolion The estimated damage to tho 
eily of Napa is about SlBOJXX) The damage to thu inebtuLion was veiy light, ezoopt 
that tlra mein lower will have to come down 

Napa (E C Jonas) —Tho damage to ahoel pa mams al Napa was veiy slight, only 
two WIm developing The gas station wu badly riiakon up, about 10 fool of lira end 
wall of Urn brick budding was thiown down, falling an top of U 10 L 101 I 01 and bunking off 
the steam pipes The gne-holdme me bully shaken Watm woe displaced bom the 
tonka, but only one guide wheel wu Uuksn out of place 

Wooden Vailey, Napa County (H \V Chapman) — On level alluvial ground nan the 
base of the suuaundmg hills, no objects wore ovmthiown Theie wme 2 maxima m 
the shook, of which the fhBt wa* tho Bfaongest, the movement being noith and south 

Pope Valley, Napa County —Tho top of one veiy old chimnqy wu thiown over, 
falling to the south Anokhin wu masked, end 4 or fi brielm bom the top of enoUrai fall 
down into tho fiieplaoe 

Mr H P Goidon repeats that he wu in Pope Valley at the time of the eai thquokc, end 
that the shock awoke him It seemed to be a tiemoi at firat, then an OHwllfttory motion 
east and week It aeemed to him u it his bed were a gold pan, end be weie being panned 
out Hie house stands on reek 

Bonyam Valley, Napa County —Hie diode u repotted to have been quite heavy on 
the level land of the voile}-bottom 

Vallejo, Solano County Population8,000 (W D Pemvyooak)—The shook wu quite 
u held u that of 1806, when tho buck structuiee at Mare Island navy-yoid weie vmy 
miwih Hnmag ari , bohm of them having to be taken down The vibrations in that eoith- 
quaks were lateral, nearly north and south The vibrations of the anAqiiai™ of Apiil 
18,1006, while equally severe, were different in character In Mi Pennyoook'a house aie 
2 mantels facing noth and south, and a luge china oloaet In the ol 1808 

every u Uole on both nuntek wu tin own to the floor, end m the china clout the oiookeiy 
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wav tfaiown fiom the shelves On Apnt IS, 1900, nulhing nas thiown fiom the mantels, 
but a dock, wludi m 1SA8 bad been thioun to tlio flooi, was turned ai ouiul about 20° 

The pastmnstci of Vallejo lepoitb that the ulv ia on a hillside adjoiiinig Iho Maiu 
Island stuut The luifaer w idling nnd has i eiy little lesel hnd except hudi as liob been 
cut doun, which ia entnely of day snd sott rode (shale) Uandstonci and shales oic the 
umleihing lurks, and tlu^o come ilobo to the smtaoe except along paits ot the edge ol 
the stiait Theie waa a noticealilo decicaae in the violence ot the nhock towaid the 
middle, then an i run case in se\ only, llie Id t lei jinit berng the abonga The inoicmcnt 
was ninth and south Objects hinging on gas hxluies by nbbona wound thonwlvob up 
on the samo The Post-olhco duck stop! Tho flooib appealed to use and fall All 
the damage done waa to chimucvn, not a hi irk mall showed any injiny Tlie gtoalttt 
damage was done m Iho lowci 1m lIs, the hills auttenng veiy liUle 

CT J J Seo)—Vallejo ia built ou haid giound and did not aullei vei v bcvciel} tiomtlie 
eai Ih'iuake The best cstimatea obtainable slum rd IhnL about one-tenth ot tho chininc} s 
a ci e knocked damn, m bo broken loose that the} had to be taken down The shock uob 
not so seven, as that of ISDB, which was much mate local in chaioctci No house m 
Vollqjo tell, and chimneya note about tlio only fi\t objects tluown down Vauous ob- 
jactb in Iho houses weiu avmluinul, such as loukcisos, bnc-A-biac, and dishes on shell os, 
and the plasteiing was somewhat mocked In goneiaL, howcvoi, the injuiy nas not 
gieat 

Mate Island (T J J See) —Tim roithquake was iriubhlcsa ecveie than that of 1898, 
which mocked man}' ol (lie Govciiununt buildings in tlie not y-vud Noncol the Govern¬ 
ment buildings was wicckcd this timc,noi was Uu, damage at all suious except m tho case 
of too cn thioe now buildings lcccntly moctod on Lite •*made" nen tho waloi-fionL 
lime tho giound was thiown into mo lent undulations, and tho KmMmgp woie so twisted 
that about $2,000 woiLli of lqiaua had to be made On this aolt giound tho bnok walls 
nme mackod, but ai tlio buildings have stool gndais, no pul of them fell o\copl ano oi 
two top-hea\y eoimccs But tlie awaying ol tho buck walls hod togetlioi wiUi stool 
flames cauhcd the walls to be mnikcd and sealed oil neu tho sted auppoila In Ilia ease 
of the oldci buildings lrating on liaul giound, no clocks woio Canned, noi any injuiy 
lepoilol No clumnoy on Mrue Island was thiown down, and only ono oi two sno 
biokcn loose at the roof so Hint they hod to be taken down The amplitude of the Yilnur 
turns in tlie soft giound at Moic Inland was found fay moasuicmcnt to be 2 oi 8 inches 
Thu whb dstcimined fiom the displacement of tlio looao dut uound tho piles suppoi ling 
the steel frames of the huildings on the “made" Lmd On the whole, tho intensity waa 
about the same at Mate TnlanH anil Vallejo 

Fiof T J J Boa contilbutca tho lollowing note on too swaying of a smoke-stack 
at the navv-yaid on Mate Island 


JIT^jn^tack n mode of uteel, boltod logelhei in sacliona and lined with flie-bnek 
150 tael high and 0 tost across at the top Thiee separate witnesses, standing at ncaily 
equal angla. about the base, rnd snmoLlnngJike 100 yuds away,obseneil the towei wuth- 
ing and twisting riuung the earthquake The motion waa douiibed os like that of a coik- 
siien All the witnesses tav that the top ol Lhe stack vibrated m a uiculu or olhpliral 
manner, lluu a space ot at least 2 diametcis, that is, one diamptei on nflvn sido from the 
mean position The stark is built on haid giound, and bolted to a heav\ buck foundation 
The motion, theietoie, gues the was a dibtoi turn of the solid earth, a motion of 6 feet at tho 
top corresponding to a wave distortion of ane-twenty-fifth part of tha radius, or 2° 8' 1 
If the stack be legaided as vibrating about its contei ot gravity, the angle will be about 
half as large There figaies caiiebpand to the dstoitian of the earth’slesel smfn— pn >. 
duoed by the passage ot the earthquake nave* thiu the ioaky eniat " 

dao!&!oS£i a swi£t£ e A 6 ™" Pt, “ Ullt **“ ■*“* **4, wtah n umnusluit null Uw 
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Othci obnen alums mentioned by Piofcsaoi Sco which aio indicative or Lho intensity nf 
the shock sic the agdalran of the motel which was (lunwn into bhoip cones, and filled ml It 
bubble* due to the cm <ipc cf gum, fiom the undcilyuig mud, the blinking nf tu c * nnd telc- 
guph ]K)Iph uslij usluim, llus flight noticed in all poisons and animals, (ho ihinuingrimi 11 
ot unsl'ililo object*. Ilia utsing of dust tmni the giound, ind llus lininatiim ol a mist u .1 
few plat w The nioliun wasnot *0 vinknb llml one could noL sl'inri, yet cluiiug Iho violent 
pail ol llir disluiluncc walking was dilhcull All object* liad a 1 i.l/y outline, owing lo Ilia 

1 jpidilr of mulinn, and il ts suid Hut pcisonh pienenUng Hun imprcl ollcicd a (iiimrnl sight 
to lira lwhuldei The tmesis weio agitated ns by a violent mind, nnd at hist ilia motion 
ol the liocs nns numbed by sonic ntMines on watch to a using elotm 

Vallejo Jvncimn (T J J Rip) —This slulmn is jumL uuidb* the sliuib. rmni tlio Houtli- 
oaslpin rail ot Mmc Islmul nnd bus only n fen houses, the lnpuy to which was nut at all 
consult 1 nlilt 1 Hu 1 intensity hcip was ahouL the same an at M 11c Islniul anil Vallejo, ns 
might hato lirra exported lioin the pioxunitv of thine places 

At Julia’s Quirkstira Mine —At tho St John's Consolidated Quickhdvn nunc neni 
Vnllein, tlio lolloumg obseivni ions aie lccnulcd hy Mi Alphonso A Ticgulgo, inanngci 
ol tlio iiinu‘ The iiole is ot special lnteiesl an this is the only ease in which umlaigiouiul 
ihslui lmnips bus p In pii uInm uhI in minen na a robull of iho carLluiualcc ol Api il 18 

We tell llir shock alNiut B h 15" v 11, hint noilh and noullii anrl than cast and went Wo 
mo wniking only two •dulls, awl ns lira night man ''aome oil" at 4 . v u, Iheic woio no man 
111 tlio inino when it occulted 

Oui mam tumui] is 1,136 loot in fiom Iho mouth II cuts the lode 307 fool below Lira 
Clappings, ami ciossps N 8° SO* IU Vt the end of this tunnel iho old draft was sunk 
JJO foci deep fvoilital) Tho hist 1W loot was thiu Iho lode, iho lcmainmg 10U fact 
lramg in lira 11 fool" 01 west wall, lira loile going down lo the east of lira dialt Within 
the yeni piecoding tlio cailliqunkc a new sliull was nunlc wluch this mum tunnel intci«c(n 
600 met iraaici ibc moulh, KiO feel below Lira nuifnoe ILight at this point Iho cltoctfl of Lha 
rail In tuake appeal in lira lumral The posts nf Iho coin woie "unapt off" about 8 uralraa 
limn the lmllmn, anil fmeed 1101 Lh lot sow 1 si sp(s Oui tunnel n (imboiod thtuouL 8x8, 
•rats 4 Irel upniL Tho old nliaTt Lnnlm sets ihcpt on the enm sido fiom 3 6 lo 3 looL Thu 
sluifl is rlouiiln iiimpuiLmpnl Tlio wall philes aio noilh and south, and end praun oust 
uml wpst Cnnyiug Hu ends with them, lira cnsL wall plates diapl lo Iho IRO-Innt kvcl, 
so Ural nil lira sain abo\e Uiul li vrl me now 2 6 feel law on tho cant sido (Ihoui n point 
1,126 tact in Iho tunnel lira centoi or this ahatt is lorn led 22 lucL 6 inches IS 17° h) Wo 
liavo io]uuod lira Luunel, Imt lira shall is beyond lep'iu An wc connected out non draft 
with Iho old shaft waitings lielnw lhc mam lumral level on Apiil 18, just two do\n liefoio 
Lira oailhquuke, wo fcnlunalely have 110 need of tho old shaft foi walking pin pones, iho il 
mil bo necossaii lo keep il open a whilo foi ventilation Sliango Lo soy, nui new shall wan 
110 I damaged at all II in Innlraied fiom lop lo hoLLom iraaily 400 feet, sols 1 feel apoit, 
rinse lagged Not a laggrng i>vra moved I'imn a point 610 feet fiom mauLh of tunnel, 
tho center of new sliall beam S 70° 30' W 14 feel 0 inches No doubt ronmdotable 
change hnn been eaused by lira eailhqunke in the old woikings above lira mum tunnel, an 
oui onwuys noeded icpauuig m placos 

Altera C? J J Hce) —TliccaiIhqunkr wsa dcoidciUymoio aovaic hmethan 111 Vallejo, 

2 in 3 houses collapsed ami linir,oi moio than lull, of lhc chimneys woio lluown down 
Major BondL, USA, CominandnnL ol Hie TJ S AiBonal, infoima me Ilia! he icpoilal to 
the Wai Deputnienl oven 20 ahininavn on ihcGaicinment bouses in tho mililaiy loseivor 
turn oithcr llnowu down 01 no in|uiuil that Huy hml Lo be taken down Those houses all 
stand on solid higjhgiound, none of them being on land mads Iqr tho filling in of loonoeuth 
Home ot the Government buildings weio clocked and othatwuo mjuiod, but cm tho wholo 
tlio rinmng n was not vciy extensive In Majui Bentit’a inidonce tho fmnituia wan con- 
fliderably dciongod, books woio Uuoan down, biic-Arbioo ovoituinod and huiub of it 
btoken Such oh|iois as dishes wmo fiequontly shaken oil the shelves and mashed upon 
theflooi 

At tho cntianoc to the Aisonal gtounda, tho Gate House, used foi the gnaid, is a lound 
tosnn about 12 feet in diametci, made of buck and lined with a wooden ceding It was 
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built some 40 3 eei a ago, on a well-laid foundation going down to bodioclc, wfaidh hoi e undor- 
Iilb liaid giound, >ol tho buck walls weie bodlv narked an evny nulr Thii guard-hoime 
stand 1 ] on a higli lonacc, and tho knrai gioundn appeal to bo alluvial deposits of the 1 iver 
In othci puts ot BraoGin, buck heunob built on haid giound waa occasionally crooked 
The town ib somewhat spiead out, eomo ot it testing upon the nllui turn neai the livei, 
the lost extending hack o\ci high lolling giound similai to that at tho Aisenol On the 
alluvial land the Blinking was natuially most diba&tious A flame budding neai tho wator- 
tank, used foi a saloon, oollapeoil, and a huge aoimeiy was so damaged that most of it 
had to bo taken down Tho watei-pipe foi the wty waa totupoiauly biukon 

BAGBAXEHTO VALLEY 

Rad Blufi, Tehama Courtly Population 2,750 (G L Allen) — Tlio ooiLhquakc 
awakened moat sleepau Quito a numhci of docks wuo atopt Tho chonddicis woio 
caused to move conudeiablv and in all dneoUons Tho tall head or a bod slammod against 
the wall, frightening the oooupants A lady tiled to get lip to keep an electue-light. bulb, 
which was swinging violcnUv, hom at liking a fctovo-pipe 2 foet riwfamt. hom the cold, 
but she became diiay and hod to letuin to bed The bulb did not bti ike the pipe (J n 
Smith, Wcnthei Buicau Obsoivci) No objoetb woio ovciblnown, but hanging object* 
wmo causod to swing oonsideinbly Thme waa but one lalhoi sluup jai, 01 shock, Ilia 
dueotion of which is unknown The inhalatants of tho town weie not unduly aimnwl 
Cm rang, Tehama County. Population 1,000 (B D Wilkinson) — 1 was awR leaned 
by what was at (list thought to be wind moving the building, then I felt tho bod anil 
tho budding appaiently toll in waves Hanging elcohic lamps bwung fiom aouUi or 
east to noith of west Open dooia swung foi about holt a minute 
Chico Population 2,M0 (W M. Mackay)—The shock hcie was quite pionounocd, 
but not sufficiently so to do any damage No chimneyb weio bioken, neveitholess evory 
houso shook violently I was awakened by tho latUing of tho weights in the windows 
Moie than half the people intci uewed aay that the nose awokonod thorn Numciaus 
clocks atopt, but no glasswaic 01 ciockoiy was lepntod biolmn In Chico Clock, adjoin¬ 
ing the town, splashes on the bank indicated that thme hod boon a violent oommotion of 
thowatei In plaoes tho watsi had been thrown Mttaal trot The water-tank at the ps 
works wab so diBtuibed ss to cause the water to flow inLo tlip inmn, neoeBbitating the pump¬ 
ing out of the main befoie soivice could be lostmcd 
tE Mcjhcw)—I was m bod awako at the time of tho shook The motion was from 
nmth to south, and appealed to oama m two waves, with an intcival of about 0 seconds 
^ie distuibsnce lasted about 15 seconds oil togethm It made windows rattlo, and 
chandelien and dcriiic-hght bulhs suspeniled by raids were caused to swing It slept 
2 clocks in my stole, one hanging on a southwest wall and tho other on a southeast wall 
All othei clocks m tho btoio continued going A tumbling sound was hold thruout 
the disturbance 

Ifif/ovw Population BBS "(AW Schom )—TTie motion lnaensed until tho weights 
in the window-fiamas lottled-considerablv, trees swayed back and forth as m a hmnoane 
foi about 30 seconds, giaduslly dimimahnig The movement appealed to be nmtheast 
to southwest, and waa strongest neai the middle The dock waa atopt, and the bed felt 
as if some one weie pulling it Chimnqye weie not injured A wimbling mw 
the shook 

Mi Q K Gilbeit made a tnp into the section of the Coast Ranges lying between the 
dear Lake dibtiict and the Sseiamento Valley His purposo wss to veiify the lepoit of 
a large 11 ft said to havB been made m St John's Mountain by the wwtiqmiHi The nft 
was not found, tho sought for to the summit of tho mountain, snH the descriptions of it 
as an opening 10 feet wide by 20 feet long indicate that it is tomethmg quite different from 
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the oidinaiv mnmlcMalion «f caithqunko viulanoe Tho people at tlio hiM* nl the moun- 
tnin wuo incredulous at to tlio oxisli iicq of tlio novice anil especially at to its creation at 
the time or tho oaitlii|imkc 

At an outcome of lint ln)i, Mi Uillieil eontiilmlrb the following luito on tlio intensity 
of tho caithqunko sliock at vaiinns points m tho tnuloiy visited 

At TTiUiami (popululinn MO) the slinck sms strong annugh to awaken people hut not to 
throw down ohimneyt It it snal Hull smalt ciaeka weie miule in tlio sculls of tlie holt I. a 
bnck building Tlie inteusiLv wan about the samo at Maxwell, population. JUKI, Ijvsville, 
and Stony Fold, population 100 At Foul* Hpnngs, 10 milch west of Hinny Foul, only a 
tew peitons icoogmrad tho jm as duo to an aailhquako, anil its idmtihi iiLion was ques¬ 
tioned bv olhoit until Hie news of tho Hon Fiancwco disiwlci leailieil the pbue As htmiy 
Foid and Fouls Spnngt aie ncai tho cast and souLh bases of Ml John's Mountain, it n 
piobable that tho mount am wm not assoiely shaken 

Elk Cicek, Glenn County Population 200 (F 10 Friday) —Tlie shark wus veiy 
light Sonic people hand windows inUlo aiul noticed open doom awing slightly 
Column Population 1,441 (Mia S L Diakc)—There was nothing owitiirosni, hut 
water slept fiom tho tanks of tbc watci-woiks on the noith anil cuiutli Ilia 

shock wns so alight that only a lew poisons noticod anything moio than a shaking as 
thoaomoono luul hold of tho bedstoad 

fE R Lai ton j —Many doepas in Colusa woie asrakenod, and some clocks wrro stop!, 
blit tlioic was no damage to ohimnoys and no glaaasraae was biolcen Wuidow-tianies 
in stores stoic in somo instances displaced no as to have a eiaok Few omeka m plastei 
uic lcpoiled Thcnc is a gonad agicement that tho vibrations mo strong but alow 
and swinging There is a fan sgieemont on tho asst and wobI direction loi tho vibiationb. 
Tho jowdm hod thiec pendulum olooka on tho wall facing nath None ot thorn alopl 
(Tied Rooho)—Tho shock m tho control pari of Colusa County lastodovor a mlnuto 
Tlicio was only one continuous dlstiii banco, but its lntonnty was stiongost in the nuddlo 
pail It caused wuidmra to iattic, tho bod to move, and hangingobioets to swing, and 
ovmthicw mmc oroaments, but did not ofloot ohimnoys 
Meridian, Sailer County Population 500 (T F Taylm ) —Two aliooks score fait, 
tho soconil being tho sbongm No objaoli were o\ci thrown 
MaryenBe, Fuba County Population 3,497. (R F W&taon)—I was indoois, 
alaiulmg on tlie floor ami stooping ovai when I foH quite a distinct tiomulous motion loi 
about 10 bocoudh hcfoia the main shock, causing a diuy foeling Tho shock itarlf stalled 
lathei heavy end wm joiky, it then became lighter until Urn booond put of the ahock 
came, with a locking motion Tho movement of tho floor tipt mo towud the southeast 
No noise was hcoid Windows and diaus rattled, aloctiio-llght bulbs suspended by ends 
fust vibiated like a pendulum and than dcscuhod a cade, and the pondulum dock a topi 
(A B Mai tin)—Tho shook was audioiently mtoDBO to aiouso pooplo fiom sloep, hut no 
dumnoys weio broken nor sms propoity injuiod 
Tuba City, Suiter County Population 000 —The earthquake sms generally felt, 
some slccpois sreio awakened and seme dooks atopt Movable objects sroio shaken 
Walei in hoise-tioughs scan throscnsevcid foot man cost and scent direction intsro cases, 
the trough* being anented nmth-south and eaab-sreat respectively 
Block's Station, Yolo County Population 300 @ P (hitter)—No objoch were ovar- 
thioscn, but hanging objects smre caused to asnng in a ends Thoie wmo 2 maxima, of 
which the fiist sms the abongei, and a vertiosl movomoqt sms fdt 
KrugkVe Landing, Fob County Population 600 (LT Shamp ) —While no laige 
objects scare oves turned, small oinamentssmre throsm m all ducctiona, and tho shook 
sms violent enough to stop seveial clocks There sms mors than one maximum, tho the 
that sms the strongest The smtn m the Sacramento River lose to a height of 8 to 4 
feet m long ssreeping swells 
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Lincoln Population 1,061 — Clocks weie Btopt 

Fativakn, Saciamento County Population 30U (L M Shelton) — Thme ass one 
btioight duke, which was *eiv liglrt People Beaicely knew theie was an eai thquake 
8nci amnio Population 20,282 (J A Maidudl)— I was awakened by my wire's 
lemaik that she beliavcd we wcic haying an eai thquakr Thus unused, I loukl up and 
the chandeluns seemed to be oscillating <«Yaial inches m an eastwaul oiul wchlwnid 
dueelion This continued, togcthci with the lattliqg of tho window wcighU in then 
boxes, tai about a mmute, dining wluch time we aioeo and obseived and milled tho 
plienomena The oscillation slowly decicased, and ended in two oonsuloiable jus, with 
appieciable mtcivals between Tlio dock, on the manlolpicec faung wostwnid stopt 
It is, I tlunk, bo consliueleil that it woukl not have stopt had tho vibi ition bean noilh- 
waid and eonthwnid The aback heio would giedeV, Roesi-Poiel scala, oi, mote piop- 
aily, between V and VI, bub dime was no bieakage Anothn Blight shock orcuiiod 
soon sits Sam, Apul 18, and a moie noticeable one at 3 fe 26" f si , Apid 10, of about 
giode III, the motion in tine cam seemed to be north and south 
(E C Jones )—The riunsge at the gas plant was vety slight The gos-hnlrici* lockod 
to such an extent that consuls! able watm erne thiown out ot the tanka, and tho aoals ol 
the holdri wtlwns wrip pnitmllv ompticd, allowing gas to escape No damago was 
dona to tho manulactuiuig eppaiatua noi to tho sticet mains 
(Hham Miles )—I w*» looking at tlio dock when the shock commenced It lasted 2 
minutes and 17 soconds, tho hist lull being oscillotoiy end tho second half a ticmoi Tho 
mmement wss decidedly noithw^t to southeast 
(Chailee A Hendel, C E and M E)—I wai an the second flooi of tho Western Hotel. 
I jumped out of bed, oponod tho doai, and placed a ahair against it, so that it would not 
close on me whdo I was diming I had to hold on to (ho bed to get dieat Tho oscilla¬ 
tion appealed to mo to be liko the shaking ot a mouse oi a rat, by a cat 
Quit, Saciamento County Population850 —Theabode lasted46 beoomIs 
lone, Amadrn County Population 60b. (J F Soott) — The shook awakened anil 
alaimcd people There wae two distmat maxima, of whieh the second was tho eliongm 
Tho duoctum of movement was not th No objects wcic ovcillnown 
(IVm Bandoll) Tlio vibiahon won guntlo but oF such amplitudo bb to albert unus ual 
attention It was seemingly in a noith and south (Inaction, and estimated to ooiilinue 
fin 20 oi 30 scoondi 

5kukh, Solano Comfy Population 025 (Mi Sheldon)—The shock awakened ncaily 
evmy one, tlnew 2 oi 8 chimneys, and damaged poihaps 25 pei cent of tho chimneys an 
that they lcquued if paning Masonic Hall had a low bucks thiown fiom an ornamental 
etched window Tlio planter was much clooked, but theic was no seiious damago 
Thiuout both Suisun and Fkiufield conmdmahle plnstei we* eiaoked and men thiown 
down, a few bottles weie thiown fioin shelves, a luge pippoition of the docks wmo 
stopt, and a few windows wmetnohen Thcio wee no egicement as to iluoetion VibiBr 
tions wme long and idling 

Stoma, Solano County Population 317 (E 8 Leisen)—Mastdoepeteweieawakened 
but no damago wee done Theic me few buck ehimnoya, end none ot them whs thiown 
oi clocked No plastei wee thiown down and no windows weir bioken As thoie aic 
only a few email houses in the town it is mthei difficult to make an accurate compoinon, 
but the shock was probably aonaulaably lea scveio then at Suisun, and slightly less 
than at Vacaville 

YaeanUe, Solano County Population 1,220 (E S loisen)—About 12 chimneys 
weie clacked ai thiown, some plastei was mocked, moat (looks werr stopt, mH piobably 
ell eleepeia were awakened Things wme vary seldom thiown from shelves Thao is a 
gcnaal impiesMon that the Mbations weie east and west, ami that they were of a alow 
locking nature 
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Etpailo Poiiulalion 200 —Cloaks wcic hlnpl 

Capa if, Yolo County Population 200 (KH Laiscn) — SliTpns wne awakoncd anil 
nulk slnpt ovct in pans, hut no aliiinncy* wcio lliiowu, no windows acre luokan, anil no 
clocks were icpnilctl si opt 

(S Soliwnk) —Time was uno conlinuoiiA slmki.* fioiu noi tlicasl to soulhwcst,Ksiiliiiig 
in the apilling of milk Imm puns No uh|« Is wise uvcilhiown 

Omnda, Info County (J Jncobwn) — There wus one continuous diukc foi aImiuI 25 
hccoiuU, Ihr apparent mow liumL being f>ore noilhwesi Lo Miulheasl A \inlicnl upuaid 
motion was niso espeiienccd Nothing was ovcilhiowii 

Runibcy, Yolo County (J M Moiiinl —The niavmnoiil was fiuni southeast In umlli- 
wi*bl Thmo acre 2 uiAMinu, the socoiul being the sliongri 

(1! S Loim'u )—Therein as nodamagu whaloxci lo buildings, Iml must slivjiris were 
awnkiiinil Tlio vilnatuns won* long anil gcnlln 

Woodland (]£ tt Lnisciij —Host nlccppis were nwokrni'fl, hut no chimneys were 
tin on n and no glass was bio Icon A few dot lcs ueie stopl, one nl wlurli fncnl cask All 
agree Uial tlio vilnniions wcio don and gontlo and of a locking naluic Mr J L Hpolm 
hlalcB that lie was awake nl llic Him 1 , anil absolved an electiie-hglil glolia hung by a coni 
At lusl llio globe \ ihialod oast anil west, anil then liad a loluiy motion 

Dovtsuiffc llC H Jjuscn) —Most hlccpeis worn awakened Our mnn lepoils 2 in 
8 chimneys mocked, bul o\eiy one else ileiues this Hume plaster was cracked ami iloms 
sno lniuiiioil so that llioy ipqunnl iiMiting No glass was biokisi. Voiious olweiveis 
lClioiL vibiatunis ham coat to wcsl oi nmlli to couth, hut tlioy do not agiee All ltipoil 
the vibialums long anil tJow. 

Maine Finite, Solano County (Mia A Ratliko) —No damage resulted from Iho 
emUuiuako A gontlo swmg wan oxpciusiced, tho motion of which was fiom southwest 
to noillicasi, as mulcnood ly vases gonmalcd on the buifaui ol tlio wahu on Llic over¬ 
flowed land 

Am Villa, Solano County Population 082 (J C Rteuton, C Id ) — Hie eliaiaelei 
anil effects ol tho ahndk aie described m a note published in the Climatological lloporL 
of the U B Wcathei Bureau foi Apiil, 1007, as follows 

Tho bliakn was voiy sovoie II eommaneod with a numboi of quite long vihialiona from 
noi Lhwest lo soutliMst and wound up with the figure S motion which alien accompamoB 
seismic disluihaiucs It wab quiln ailRault for peiaons lo maintain their fooling, bul 
sliungo Lo eay, nothing was ihiown denn or oveiluined, which may bo alLubulcd to tho 
gliding motion Tin? duration waa about 80 aooonds, and I am oonvinrcd that had it 
continued 80 seconds Ringei hoidly a hoiuo would havu been lofl standing in town Some 
himbci piles wcio thiown down m a lumboi vard ailualed upon a pile whaif, whom the dw- 
tuibanoc aoemed woiso than an) whne elec, and tlio wator-tower, 60 feet m height, conaulr 
mg of 2 Luge lanka oonlaining IOOjOOO gallons, vu aeon lo away violomly. 

Collinm/le, Solano Combi Population 800 (Jasoph Anlonim)—Collinsville Is on the 
peat of the tula land, with haid clay 2 fact below the aurfaee Tho laigcsl building in 
town, a hotol built on piles, was totally wieckcd Chimneys and watei-tanks weie ovei- 
thiown The movement waa oaat 

■iitfnmw 8XXBBA HSYADA 

Bulk County —At John Adame, population 75, and at Bmdan, a alight trembling of 
the ourth is repotted At Paradise, population 100, Mr F W Day lepoila that hanging 
objects vibiatod violently, and that a "sinking aenaation" waa axpenanood At Stub- 
wood the shock, according to Mir S E Rowe, was vmy alight and noticed by vmy few 
people At Honcut, population 100, a alight shock ib repotted by Mr D B Robb 

Qutncy, Plvnuu County Population 510 (L A Barrett) —Tho shock was heavy 
enough to awaken a few poople, but waa not felt by the mejoiity of the inhabitants, lb. 
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J W Stieet, watchmaker, ispoits that his clock stopt in oonsequence of the shock This 
was the only dock in town that slept 

Otha points in Plumas County at which the earthquake is tepoiletl to have boon 
felt Bb a'•lightshock aieGreem illc, populalion &J 0 , TayLoisviUo, population 180, Kettle, 
and Beckwith, population 100 At In Poi te (population 300), 111 Oscai Freeman hays 
"The shock was vciy light Tlieie were but few poisons in town that felt it, pa haps 
a dosen It mode the house cn.ak as would a sudden gust of wind, set the hanging lamp 
swinging, and seemed to have a twisting ai cnoulai motion, ns noai a* I could judge " 
Surra County —Slight shocks aie lcpoited to have been fdt at Table Rock, by John 
K Walls, and at Alle^hcnj (population 200), by W A Cla>ton AtLojallon (popular 
turn 100), Hi J J Millei lepoita a confused shook in thice paita An cleetiio bulb hang¬ 
ing fiotn the coiling was caused to swing in a oude At tho west side of Sums Valloy, 
in the tulc land, the quako was moio &oveie, and caused dishes to lattle and loose objocte 
to sway 

Nevada County —A dight shock is repotted at the following points Fmnloy, by 
G V Robinson, Fienoh Coiial (population 150), by W 13 Moulton, Glass Volley 
(population 4,710), by C W Kilts, Chicago Paik, by E F Sailoi, Noith Columbia, 
by Mis C J English, Washington (population 500), by J Ii English, and Flonston, 
by W I Sunburnt At Boca (population 50), Mis A E Daswcll icpoili that the shock 
comprised only one movement) which lasted about one minute and was stiong enough to 
make an olecbic-light bulb swing At Tiuekeo (population 1,000), W S T Smith 
reports that tho shook was fait by a numba of poople Windows inttlod, hanging objects 
swung, and a clock stopt No obiocts wno ovnthiown 
Placer County —Aooaduig to the inputs lacavod, tho shock seams to have been less 
gcneially fdt than to the noith oi south A slight siiook, noticed by few people, m 
icparted to have boon fdt at Newcastle, population 000, Auburn, population 2,050, 
Yankee Jim, populalion 150, anil Emigtant Gap, population 50 
Georgetown, Eldorado County Population 400 (C M FiLsgmald) —Tlio siiook was 
distinctly fdt by most people) and the diatinbuioe was sufficient to awakon than not 
already up No objects wcio, howovei, ovurthiown Tho movement was dooidodly 
hem noith to south Theduiatum was eatunotod at 80 seconds 
Nashville, Eldorado County Population 50 (J C Hcalil) — But few people fell tlio 
quake Many spoke of some diilmbanco having awakened them The few who weie 
awake at the time felt tho jar, but did not know what it waa The shook waa fdt 
somauhat mare distinctly to die noith and south of Nashville 
Pmo Grande, Eldmado County (W E Boihnm)—Few fell tlio shock, winch was light 
Hanging objects swayed book and foith No objedn wore ovnthiawn 
Drytown Population 300. (Allen MoWaync)—Tho diock was lolt by only ono oi 
two people in town 

JfiZhm, Cahnenu County Population 200 f J II Southwcik ) —Tho shock was dis¬ 
tinct There wme 2 ma\ima, and tho socoiul was piohably the ahongpr Tho direction 
of movemant was east and west Mi S D Hildebtand, who was on the bottom-land of 
the Calaveras Rivei, 8 miloa west, felt a moie violent shock, but no Jumj i waa dono 
Railroad Flat, Calavmt County Population 200 fR B Knot) — Mi Knox waa 
awakened by a amait diock which shook his bed foi neeily a minute 
Wad Point Population 260 (Mi Balaley) —A pail of water two-thnds full slept 
over, pans rattled, and the clock was movod on the wall The Shock moved Mi Balalsy’s 
bed From side to side, southwest to nm theast 

A diock waa reported, without fuithei dot alls bis to its offoets, at Compo Seeo; Esmo- 
idda, Mokdunme Hill, population 575, Nassau, population 50, North Bianch, and 
Valheita, population 500. 
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OM King Mine (Ucniy Sccman).—Neai Gold King Minn, see 20, township 0 N, 
Rango 11 K, a modcialc shock vu fait Tlus was, liowovei, not notued by any of tho 
15 poisons at tho mine, loss than 0 25 mdo away, not by the night shift in tho mine, and 
awakened no sloepeia 

BlaiuJund, Tuolumne County (Mis C K Hlanehaid) — One chuiincy was damaged 
slightly, but tho shock otheiwuo did no damage Tlio shock was light, tho gone tolly 
folt in tho suiiouiuling aountiy 

Columbia, Tuolumne County Population 500 (J W Pitta)—The shook was so light 
that those odoop did not fed it and did not wake up Mi Pitta and ollunawiio wore up 
fait a Blight shock and motion fiom north to south 

Sonora, Tuolumne County Population 1,022 (J E Goovan)—The movement seamed 
to bo an rosy reeking ono, fico fiom jerks, with conudmoblo amplitude The caitliquako 
was in full awing when Mr Coovoi awoke, it held ita maumum intensity for some mo¬ 
ments, it seemed a half-minute, and then diminished giadually A pondulum dookslopt 

Tuolumne, Tuolumne County (Gapt J T Thompson) — In the Tuinbaok Inn, a laigo 
fiamc atiuetuio, aome window glass was Clashed diagonally, and aloepoia were gonmally 
awakened Tho movement was oscillatoiy and acomod to bo cast and west At tho 
Giinly Mine, in tho bottom of Tuolumno Canyon, about 1,000 foot bolow tho town of 
Tuolumne, the shook was not fait 

Jupiter, Tuolumne County (Coindhus Quudan) —Was awakoood by the shock at 5* 
14" a u, and exponcneod a sliding book and foith bom noith to south far about 20 
mmwI* aftm awakening 

Batpunn, Tuolumne County (Mr Groeksr) —Two prolonged light shook* were folt, 
of the natuie of a piooouneod Liomblo Bone members of Mi (hooker's family did not 
fcdlit 

YoomUe Valley — A slight shook was frit 
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DISTRIBUTION OF APPARENT INTENSITY IN BAN FRANCISCO 
BiH O Wood 
iNraoDTJonoN 

In pi eventing the mult* of Hus study, the subioct-maltei has been taken up as follows 
Fii't, biict mention ib mode ot the phy*ioginphio tcatuics ol the cits Map No 4, ol lho 
atleb accompanying the lopoit or iho Commission, shows the location of tho city and its 
physiogiaphic envuonmant, also a segment of the Rift and ol tho lault on which Lhocaitli- 
quake of 1900 was generated, and the position of a similai taull whoie the sliock ol 1B0S 
oiiguated The oity lies between thceo two rones of taulUng Then follows a nolo on 
the general geology ot the legion, dluetiatcd by a geological map, No 17 of alia*, piapnicd 
by Piofeeeai Andiew C Lawson, on which w shown the aionl disliibutioii of the niaio 
impoitant look faimatum and of the dull iota ol ‘'mode” land Than comas the de- 
seuplion and classification of typical d&tiuctiso cflccls examined in the held Aii 
intenntr scale is discust, and its irlelionship* to the Row-Foicl and Onion scales me 
detciminod as moll as prolific By radical compaiiaon w ilh Oman's bcnle, oppioxinintc 
valuas eio fixed tan tho giailos in tcims ot ncacleialioii Illiihtiatuig this iliscussimi, 
map No 19 of the atlas, showing tho aicol dnltibubon ot intensity in tcnin of an 
especially dei iced scale, pi emits giaplncally tho lasidl* ot tho investigations in the city 
Tho mothods employed m the piepaiolion of (ho map sie sot fralh, idso tho mnnnei in 
which the intensity ocale was utilisod In map No IS aie shown sevcial gcolugionl cinss- 
aectioM with oouoeponding inloiMily piofilcs As yciLicnl eomdinalM ol llio lallei, 
values or tho grades dctcimined appioximately in terms ol acecloiation whip ulilucil 

Following tho gcnaial ihsciMon of llio intensity is a detailed detiiplion ol the evi¬ 
dence which uluu oolci lied vanous locnliliGband dc turn mod tho udcnsity grade* asciilml 
to them 

Next aie disouat details of csulcnap m tholocalitieB whne ici y high intensity picvuilcil, 
nhirh aie ot general inlcinl owing to the buggrhtnne they ollei, the piohlems limy inw, 
oi the warnings they piocloim 

pm moon Anir 

Tho San Fianoisco pemnaula nsn witli liold iclnf rioin die level of the sea to lull sum¬ 
mits yeiying in altitude hotwaon 100 and 1,800 loot, with the liioad Faoifio in Llio west of 
it, the wntna of San Francisco Bay to the cobt, aiul tho Golilcn Goto on tlic noi lh Hnulh- 
wnid, tiending bhgjhUy east, tlio peninsula luns foi several miles, meiging finally' with the 
hills of the Santa Qua Rango which moiL the eastern limits of Llio Santa Clara Valley 
On the western ehmo, piomontoncs such as Point Lobos, Muv«l Rock, Son Pnho Pond, 
end Montua Point, whao lodL-clifts i iso oul of the bui 1, ellci nalc wdh sltclohi s of smnotli 
beech line At the nmlh, the hills came down to tho shoie, loiming locky points Point 
Lobos, whcie the Cliff House stanch, Foil Pond, mu king llio nu lowest put of tho 
Guidon Gate, and tho minm piomontoncs of Block Point and Telegraph Hill faitlira 
east Tho eastern ahoie b moikcd by pinminent nek ndgee extending out mt n Um> Bay, 
while between these, lcaching well hoick into tho hdh, no bhuply huntod valleys cul 
down to tho level of the aea and filled with deep deports of olluviiim, thus framing a 
gently eloping flora Fiom which the hills use alnuptly BcFoic tho building of the eily, - 
tide marahee with then little tidal cicoLs occupied tho flooib ot those valloys, ncu 
mouths 
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Tlio mast unpoilanl of these n the lelalivclj Inigo Misvun Villi'j, opening into the Bav 
between Rincon Point uul Potieio Point and extending back ntslwawl and Llien boulh- 
waid, mill a nunoi folk to the ninth west, lully a qiuutcr of tlic way ncioss ihc penin¬ 
sula Mission t'lrok, with its Ingjoon and contiguoua rnnibh, bctoio it was Idled to piovule 
sticet and building vies, extended horn the Da) nhoio ainuud the nor Ilian extremity ot 
the lulls of UicFolieio Anulliei long iliiiow maisli occupied apailot tlio Horn of Mission 
Valley, sliclchuig uaslwaid fioin the picacnt silo ot tho Post-oRicc building foi sevcial 
blocks, and then turning soulhwnid to Iho olil Bn) slioic Hus maish also has been filled 
to pio\ ido buikhng silos Anolhei dominant 1 alley is tliat ol Isloib (kook, bliolching 
bm.k lo the hOUlhncsL between the hdlb ol the Folimo and lliosc ol Hunlcib Point Thia 
valley ib outside the city piopci 

The city end county of Ban Fiancisco occupy the noithnn ond of the peninsula, bounded 
on the south by an aibiUniy cast-west line some 7 nules south ol Liu. Golden Gato Tho 
oity, papal) speaking, occupies the noiLhcastci u thud of this aiua, leveling tho sum¬ 
mits and flanks ot the eand&tnnc hills known ns Telcgiaph IIill, Nob UUI, and Rumian 
IIill, on the noilh, uni othci unnamed summits on the west It coins also the float 
of Mission Valle) anil icaohes «cll up on the flanks ot the lulls which oiikninalo in the 
cental ot the aica On the oulisknts of the cit) piopa, except ui tlic southwestern paiL, 
aie small dotached gioups of dwelhngs m the hills oi on the sands 
MuknLBbect is a biond thmotaie tunning southnostnuid lioin thePui) Budding and 
the whaives,at thenoithrast coiner ot tho city, thin Mission Yalloy to the flanks of the 
lugli lulls in tlic cental ol thoaica About the Iowa paiLof Mai hot Sticet is the commci- 
cud cental of the city Tho City Hall, situated about 1 block noilhol tins biond highway, 
and about 12 blocks southwest of tlic Feny, was not foi liom the contor of tho oilypiopoi 
The rone of faulting whao tho lcccnt eaithquake had its oiigui post undei the soa horn _ 
a (loint noni tho head ol Bolrnas Lagoon, 12 at 15 miles naithwosl of the Golden Gate, 
to a point half a nulo nalh of tho lillle headland ot Mussel Rock, about B miles south ol 
Point Lobes Tho map, No 4, shows its location 
The antuo uea of the at) and county is east of tho inull-sone The southwest coiner 
of the aiaa is less Ilian a mile distant fioni it Tho vicinity ot tho Fcuy Budilmg, at tho 
loot ol Maikat BUccl, was tho most icmolo ot any point ui the wholo uca, being betwoon 
0 25 and 9 75 miles away The wtc ol the City Hall is fiom 7 5 to 8 milos bom tlio taull 
Tlio Chfl Hbuso, at Pouit Lobob, the most wcstci n point of tho aica, is about 8 miles oast 
of it Foil Pant lies bolwccn 5 75 and 0 miles east ot it Potimo Pant and Huntas 
Point, as well, aio about 8 5 miles fiom the fault Uunlms Pant is tho most eoslaly 
pant in tho disbict 

acoLufri 

It is dasnable to mscil hae a buet absbact of the geolog} of the noithnn put of the 
San Fianusoo peninsula fa it wdl appeal that the efta.lt pioduocd by tlio cailhquake 
weie Imgoly influenced b) the ehuaota of the undal)uig tarnations Map No 17 
shows the distubution of the gcologioal foi mations at the sui face It shows also tha areas 
of "made” land Theao uen* weie deteimined by plotting the shoie line shown on tho 
oeomate chut published m 1858 by the U S Coast aiul Geodotie Hmvey, upon the 
latest ocourato shut ot tho some buieou In Uioso disbiots the raataials faming the 
suitace have been bonspated to then piesont position by human agency The depth 
or thiolmess ot this "fllkd” sbatum is vaiable and, tm the most put, not definitely 
known 

A little study, oompuing tho ueas of lock with the topogiaphic oontoins, shows that 
all the hills bib ot film lock, mostly coated with a veneer of sal and vegetation, but fre¬ 
quently outcropping at tho auitnee In goneial, thou lowm flanks ue more and mao 
thickly covaed with loose send and alluvium tho nouei appiooch is mode to the fiom ot 
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the valleys m tha districts of Bend-duiim At the Iowa level? such loans metonels rover 
the whole uee very genu ally Tlie thickness of these etaata must be notably iambic, 
rm g the uneven eonflguiation ot the lock auitaoe whne it emeiges fiom this 
trinnijn , cjnm it u probably no Iubs irregular beneath the ooioung Vny little inf01 mar 
fa«w» ib available w'nimnmg the depths to which these uneementeil material? extend A 
wall at the United States mint ■ about 170 feet deep and is believed not to have i cached 
I~fi.nr.ir a boiing that was sunk at the coiner ot 7th and tliesion Stieofis past thiu 
sand and clay to a depth of 264 feet, but did not reach bediock In genual the and? 
and clays fill deeply the majoi \ alleys, Hikskmi and Islam TIil nunoi northwest folk of 
Mission Valley, called Hayes Valley along it* lowei part, is probably less deeply filled 
This is oeitainly hue ot its uppa icachu, to which, m Hue lepoit, the name Uppci Ilajes 
Valky uapplied M»nm valley*and gullies allovci theaieahave thin eoveiings ot sand 
■ml alluvium which quickly thin out nheic the slopes of the hilk begin to im steeply' 
From the ocean inland for a aonadamhle distance extends on aiea oovoiod with sand- 
dunes Thu diahiot n hmited niegulaily at the east by the eontoui of the lulls The 
sands foiin a thick mantle neai the ocean shorn, which becomes thiniim and thinnm as it 
ikes upon the loner flanks of the hills As m the case of the maternal* filling the valleys, 
the look flora upon which the aonda rosin probably verymegukt 
Of tho hills, the not them iu]gs is caived out of the film sandstone of the Franciscan 
kucs Along this lidgs aie the eummite of Telegioph Hill, Niob Hill, and Russian Hill, 
with other unnamed hilltops to tho west, separated bom each othei by little snddloJika 
Ho pm^inna m tho surface The outlvugBummitc of Black Point and Rincon Hill appeal 
to hdwng genetically to this iidge This body ot sandstone abuts on the west against a 
mart of serpentine, whioh forms a narrow range of hills sketching southeastward acitws 
tho pnmnMiU from Foil Point to Potrao and Hunters Points 
This Bcipentme is mtiuave in the film Fmnoucan loeka, oheit, end bondstonc The 
southwestern boundaiy ot the sa pentane in the vicinity of Prat Pomt is dotcimined by a 
fault which bos a throw of about 1,000 feet Thu Toult may possibly extend quite eeioss 
the paninsiila »i«wig the southwestern limits of the Bupentine, but the field evidence docs 
not wan ant any definite statement The fault movement ooouiied so long ego that the 
piesent lmii euifeee gives no unequivoeel indioation of its position Mission Valley outs 
ociosb tho body of bbi pentane, eepoiotang the nrathein hills bom the bouthem gioup. 
The northern group rues along the western boundaiy of Hayes Valley 
, The central and southern lulls, and the ndge at the nmthweBt of the eity, aie caived 
ii.t»uia*Aiy from firm Franoisean locks, sandstone, and chart, commingled with minor 
bodies of muptive look of basoltao ehaiaotei 
The hills of the more remote southwest corner of the city end oounty am of softer 
rooks of more recent geological origin—sandstones and shales or the Maced fra motion 
Those are relatively little cemented Readme interested m a mme complete ecoount of 
tho geology should oonsult the detailed report on this peninsula 1 

SBIBUOllVE EFFECTS AMD INVIiNBlVV nnAT.wn 

To some extent the earthquake oaused damage to buildingi and other structures in 
all par t? of tha city and oounty of Ban Fiancnco Tha whole area waa decidedly within 
the destructive rone 8tdl, over a large put of this area, far the larger part, the damage 
was alight both in amount and oharactm Almost evmywbme ehimneys wue thrown 
down or badly broken, but m a few email lnrAhtma mast of the ohimnsya withstood the 
shook Same probably were unhurt Plaster on walls and ceilings was very generally 
Hnmngnri So, probably, were boil partition walk and ohandeheia, crockery and fragile 
household furnishings Such effects ware typioal of large eections of the city There 
1 Tha Qeolofrof tba Ban Fran moo tainal^ by And raw 0 Lawson, ISth Ana Rapt, U B Q 8 
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weie i datively bmall ibsliicte, honcvoi, in which buck and hnnio buililingih of oiihnaiyean- 
■liiiGlionwaio bad]}'wieekcd01 quite dmtioied Pavement* weie fiasuicd, buckled, and 
aichcd Seims and watci-mains ncio biokan In places, poi lions or sLim Is woiomovod 
laterally saveiol teoL out ot place Well-ballasted btioet-oai tlacks, equipped with 8, 10, 
oi 11 uioh tails, ncic aiclicd and flo\cd oi thiown into shallow wnio toinn Tlio whole 
land aui loco, somclunn loi scveial blocks togethei, was doioimcd into sliallowsins os of 
uiaguloi extension, length, and amplitude Eflecta ot this ilcgiec of violence wcie pi ell y 
dosd} confined, ns has been stated alieady, to aicas ot "hUcd” oi ‘'irnulc” land Uunh 
cluum. la l/c, thcidaic, only a small poition of the oily, but, as it happens, biqbs of 
conuncieud impoi lance and of special inUnoat toi the scientific pm poses of thu inquny 
In oonscqucnco limy will loquno a idatis elj laige ahaie of attention 
These dmbuclivo cflools vaiy in degiee bom place to place thiu the whole tango be¬ 
tween the extiemes ciUsl In homo casra this vuiiatum is best shown by the chaiactai 
of Lhcse effects, again by the frequency of then occurionce The change fiom ationg 
oftocts to weak sometimes lakes place lalhei abiuptly within the distance of a block 
ai two, or levs Commonly the localities whine vmy violent otfools were pioduocd aio 
themselves pietty shoiply limited In such cases, howovoi, thao n still a noticeable 
vaiiation m the sol l end amount of damage icsulting at difleicnt points just outude then 
limits, along then peiiphoiicb \t othci places tho dftitiuctivc eftcets change gioduolly 
thiu a dwtAnwg ofsaveiol bleaks 

Thib sieal vaiiation in the degiee of damage indicates cleaily a like vaiiation in the 
intensity ot the shock The eltcats pioduead aie tho dunct icaulls of the mtonuty mani¬ 
fested, since whac ncaily all kindb ot stiuotuica aietoho found m all dnti lets, of whatevor 
intensity, such factois as the individual sbenglh of I he injuied atructuica must pi acUcally 
cancel in the aggiegate lcsult Consequently the destructive ofleele furnish a moasine of 
Ilia intensity, not vmy pi ease, it is tiup, but the best availablo, unco no seismograph 10 
inBliumonts wne wmtAiTiwl m the city By a classification of those oflucls ddteiont 
grados ot intensity can bo looogniicd and dofinod 
Bevei si such classifications haw boon made by susmologists for this pin pose The 
best known ot thmo is tho Rossi-Foid intensity seek, whioh paovidm ton seek numbms 
The fhst defines a shock just bandy paeoptible to a sensitive obscivoi, oi onoiaemded fay 
a sensitive aoismogiaph, the tenth, a gieat disaster Tho foui highest numliam or this 
scale, as lopublfehed by the piesent Cammisuon m its Fiplunmai y Report, aie as follows 
VII Violent shook, overturning of loose objects, lalluigof plaata, stukmg of ohuroh 
balk, boms ehmincva fall 

VIII Fall of chimneys, aaeks in the walls of buildings 
IX Paitiol a total distillation of aome buddings 

X (boat diao&tma, avatuining of looks, fiauioa in tho suiface of tho eaith, 
mountain didos 

The lange ot mtenmty m the city did not exceed tlieoe limits Piobably it did not rcooh 
the highei numbers recognised by the seek number X In only a few email localities were 
tho minimum values of scale mnnbei VII psvelcnt It is easy to oee, however, that this 
Beak distinguishes its tfaiao uppm eosk numbeis m vogue tama, particidaily with regard 
to eftocta bkely to be pioduocd xn a modem oity Far this leeeon it Was found unset is- 
faotoiy foi the investigations m Ban Fiancuco 
A seek of gteater ment ■ that devised by Piofemn Oman, of Tokyo, given bellow 
No 1 Maximum acceleration is 300 mm per see pm sec People run out of houeee, 

buck smile of bed construotion are slightly cracked, plastei of some old doso (godowns) 
shaken dosm, wooden houses so much shaken that melting noises are produced, bees 
visibly shaken, sratar m ponds rendned slightly turbid in consequence of tho distuibonce 
in tho mud 
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No 2 Maximum accdaation is 900 mm poi sec pci sec "tt all* in Japanese houses 
cracked, old nooden houses thrown slightly out ot tho vertical, toinb*loiu.x and alone 
Lmleiiii ot bail cunstiuctnn oveiturned, in a tew cases changes aio piuduced in hoi 
spimgq and mineial watux, ouluuny Factuiy chimneys nol iLamogud 
No 8 Maximum accelemtion in 1,2U0 mm pu slo pci bcc About one iacloi v 
rhimnaj. m evei} torn is damaged, biicL house of bad constiuction mo pail tally ui 
totallv dostioved, a few old wooden dwalkqgpanil warehouses totally dtxhoyed, wuoilcn 
luidges slightly damaged, some towlMtfwMi and stone lantern* n\ciluincd, nhoji 
(Japanese papa-caviicd sliding doom) broken, 100 F tiles of wooden houBOs di&linbod, 
some look hagmenls tin own down fiam mountain bides 
No 4 Maximum aecaleiotiun b 2,000 mm pci sn poi sac All faclmy clumnovb 
am hiaken, most nt the oidmmy buck building* partially oi totally destroyed, soma 
wooilen houses totally desboved, wooden sliding doois and Jioji mostly thiowu out ot 
then gioo\es, ciackb 2 oi 3 indies m width, in soft oi low giound, embankmontb slightly 
damaged lieic and theie, wooden budges pm bally destroyed, and oiduuiy stone lan¬ 
terns o\m(hiown 

No S Maximum acceleiabon ia 2,600 mm pn sec per sec All oidinniy buck 
human veiy boveialy damaged, almut d pci cent ot the wooden houbee totally dc- 
sboyod, a lew Una, m Buddhist temples, me thiewn down, embankments Beveioh 
damaged, lailwny lines slightly cuived oi eontuiLcd, oidmaiy tombstones ovoituiuod, 
ibkiyali, oi masonry walla, damaged heic and theie, cracks 1 to 2 fact in width pio- 
duoul along liva hankb, watui in uveis and ditches tlnown ovei the banks, wells 
meetly affected with changes m their wateis, landslips poduced 
No 6 MsAimum aecelmation is 4,000 mm pm aeo per see Moat of the /ora, or 
Buddhist temples, are thrown down, 50 to SO pa esnt of the wooden houses totally dc- 
abovnd, embankmentsnh&tlcicd almost to piceoB, loads made thiu paddy holds bo much 
ciscked and dopiest as to atop the pwuwgn ot wagons end hoias-s, lailway lines voiy much 
aontmled, woodon budges paibally on totally dealtoyed, tombstones or stable ronsbuc- 
tion ovcrtui nod, aacka a tew fast in width toi mod in the ground, eecompaiued somctuncs 
by the sjeetion ot watei oi aand, emtlienwme buned in the grouiul mostly broken, low 
grounds, auch as paddy fields, way greatly oonvulaad both hoiiaonlally and x*mLicully, 
eomebmes oniaing taeca and vegetables to die, numerous landslips pioduccd 
No 7 Maximum eoaalaebon is much above 4,000 mm pa see pci see All build¬ 
ings except a vayfaw wooden houses uo totally destroyed, some houses, gates, etc, pro¬ 
jected 1 to 8 feet, letnaikable landslips produced, acLorapamed by faults and sheets ol 
tho giound 

In the foregoing eaale, in addition to them definitions by destiuctive eftoets, it will be 
noticed that aiangB ot vnluoB ta the acsefara/wn is assigned to each scale numbci These 
acceleration values have boon tested expeiimentally by Piofaxw Omou, anil found 
eecmatc within netrow limits Consequently it n Bailed on absolute scale It n the best 
intensity scale yet proposed Since, however, it n defined in tains of damage pioduced 
upon Japanese sbuotuies, it would leqmie constant nitacal intapietation in use m an 
Ameiican city Foi this icaaon, it is hdieved to be not so well adapted to tho proposes 
of thib investigation as the scale proposed below This is especially tiue since the values 
of the aceclciation necessaiy to pioduoc the dosti uebve oftects enooustaod hcio have not 
been detammed by experiment A nee of the absolute scale would, ihraeforc, pretend 
to an accuracy not attained with any cutainty The following scale will be lefaied to 
m the Ban Francisco seals 

(hade A Very vio/enf — Campuses the rending and shearing of rock T-arwit. earth, 
tuit, and oil stauctuiee along the line of faulting, the fell ot took from mountain aides, 
numerous landslips of gioat magnitude, consistent,doep,and extended fi—mng innatuiol 
euth, some abuotuiee totally desbayed. 
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Giade B Violent —Ccmpmca fauly gLiicial aollapso of buck anil flams building* 
when nol> unihuall} lUong, sciious clacking of buck walk anil mwomy in cxouUonL 
oliuctuieo, the foi motion ol fissuics, step faults, sluup coinpiwsion anlu lines, anil bioad, 
wni c-liko raids in paiad and axplinll-uialuil si nils, accoinpaiucil by tlx. lagged h<*unng 
ot aspludi, the dcstiiiiLioii ol loundalum walls and uiulm pinning sliuiluiu bj llic 
undulation of the giouml, the lncnking of srwcisaiul wnlci-niniiu, the lalual dnplnuv 
ment ol stioch, ami llic eonipiiMion, distamoou, mid lnloial waving at displncuuu.nl ul 
wcll-bullasLnl sliarL-cai linckh 

Qiado C Vay s tionq —Cunipiuos buck woik ami mavnuy badly ciackod, willi 
occasional collnpso, souui buck and maeoiuy goblin thiown dostii, lnunc buildings 
Luichod oi hsUxl on fan 01 wool uudmpinning stiuotuics, with (xanwonal lolling limn 
undei pinning 01 collcpso, gonmal doabuotion of olumnrys and ol moboiuy, buck 01 
cciAliiL vonocis, considciablo u oolong or aiudung of foundation walls 

Giade D Stionq — Coinpiises general but not unn oiimI fell ol chimucvo, aackb in 
mneoniv and buck woik, eiocks in foundation walk, lotaiiung walls, ami euibmg, a 
tew isolated cobcs or luiolimg 01 holing ol fiamo build mgs budt upon weak undi'i pinning 
stiuotuics 

Giade B Weak —Compmoe occasional Tall of ahinuiaya anil daaiago Lo plnsLci, pai ti- 
liomi, plumbing, and the like 

This male obviously n simplv a classification of the phonomona ohamved It defino* 
as many giadeb oe the facte scorned to e\piam in tins Hold It u mine finely eulxlividod 
than tlio Eaesi-Farel scale aiul, foi oonditions in a modun oily, the dohmliom aio bollci 
flamed It hoe Ion intumiomeiit than the Oman cook, fai both eoalac covet aumdai 
langoot destiuctii e elfcotb, but tho subdit iBxm ic flnoi and moLe evonly epacod in the coho 
of the Oman ocala Also the gtailos of tho San Francisco acalo con not be fixed by solum 
of the aoooloiabon, raopt nppioximalcly by compainon with the absolute ecalo Tlio 
foot, howovci, that it does not piolcnd to absolute values oceme a point m ila tavo under 
tho oircuinstances And it w a piaoLioal eoale foi the phenomena dealt with 

Altha ligoiouti voliiBb con not be obtained by cuch moans, it is daeneUo to oub|oot Lhe 
grades to ouefill companion with tho nambeiB of the Omoii coalo m oidar lo determine 
icasonably doeo cccolmation s slues foi thorn 

A rampaialive study of the 3 scales is Minimal nod diogiammalioally in tho aoeam- 
ponying table at the top of next pegs 1 

Borne of the eficcte which cm veto dofino Qiado A aie woehm then the maximum oflocle 
defining No 0 of the absolute scale, end nowheio, not oven m the viemity of Uiq fault, 
were moot buildings totally dcsbayed 

Giade Beavers a wide range Pci hope if the initial shook hod been a little sliongor, 
it could have boon subdivided with some oa tomly 

Giadeb C and D oovoi each a slightly lower iangc of values then the scale numbms 3 
and 2, to which they conaBpond most oloecly 

Grade E, as defined, is mono nuiowly lmutod than No 1 

Those value*, despite their lock of precision, constitute tho beet appianmalion to on 
absolute measure of enagy det eloped, fan each grade of intensity, which it appears prac¬ 
ticable to attain There were no installments of pieoision to reooid tho obaiaotei and 
amount of the motion ot the shock, hence cstamatc* of other sent than thii eeem difficult 
to make The fact must not be lost sight of, however, that it is only an estimate, besod 
upon the Interpretation of a eenee of desbuobve effects produced m very vutable media 
under variable conditions and then oompamd with a similar senes of deebuobve efieats 
pioduoedmstructuiBBof adiffeient sort, for which pretty acom ate acceleration values hod 
been determined experimentally 

1 Iks daflmtiou of tha Oman ehmliita male end the infonuban staant it an taken bom die book 
on Earthqiukm m tha Ljfht of tho New Hwnnlngy, by Major 0 E Dutton 
o 
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It may be peihap* wdl to point out that Giado D lies between Nob VII aiul VIII or 
the Romi-Foiel undo Thn giade chaiaolenm tho gieaUn pail oi the city, aa Iho in¬ 
tensity map draws Giade U, aquivalont to Nos IX and X ot Uu. same unlc, la chai acler- 
lalio ot vary small aie&b only Giade A n not inhibited in tho city piopa 
Ubluing the San Fianciaco scale, mtenaily map No 10 was piepaied, which iiwlieotoi 
the location and areal extent ot the di&liicla chaiaetetiaed by cash giade of intanaily 
It piewnlb giaphically the leaulta of the field woik In Iho fiakl study, practioally all of 
the city piopei, including the huge nea devastated by fiio, waa thmoly bavmeod, ov- 
oeptingoneoi two laolatcd hills localities whaa a biief examination showed no significant 
damage Unbuilt diabieta woe, of couibc, oompaiativcly neglected, axcepl wfacie dis- 
tm bonces of naluial objocU wcia found oi lookb An Chimneys, buildings, abreks, 
paung, cuibuig, sidewalks, cai backs, letauung valla, etc, wen subjected to caioful 
sciutiny, and such lnjuiirsas was obscived me classified on tho spot m tenma of the Ban 
Fiancnco acalc Tho intenaitv uidicated a as reern ded bv a spot of color placed upon a 
field map of suitable scale (1,7G0 test to the inch, ci 1 21,130) Many photographs 
wmc made, some of which appeal as dlushatwna in this input 
Detailed field notes weic mode only when damage of unusual or bbiking ohaiaotar was 
encounteied, a when it was papleung When effcots wae absolved which seemed 
likely to be of \slue in snalyaing the ohaioolei of the eaith motion, notes wne 
Little indoor evidence waa obtained oi sought 
It will thus be seen that the field study, while adequate An the pm poses m view, did ribt 
constitute an erpeit engineeiing mvasbgabon, Hwimg with sp>wifi« dataiia and location 
of damage frequently theie whs doubt aa to what grade of intensity should bo assigned 
to a given city block, beoause of eoniliating ai Inadequate ovidenoe in the field This is 
pai bculariy true of distncts swept by fiio, especially whme the intensity was low, for most 
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of tlic dice In which save lo Hufinw the Iowa giwlo* nao obliterated with the btiuutum 
in which they wue developed Whae buildings wcic spaiBcIy distiibutcd, it wai otten 
laid to doteimine what giado of intensity was developed, foi tin ovulcnco wee matlaing 
and liclmogoncoux Ncimthblcn, the map to a pi city faillilul icpicbonlalion of (ho dib¬ 
it ibutum of inlcneity, and quite justifies the ncicnUhc end economic conclubions of a 
gcncinl natuie that aie diawn horn it hcio 

On tho map, color m noithwwlrbouthcast bus (A, B, C, D, E) icpiiMinLs ihsliicts 
moiked by uncqutvocal evidence Continuous linn mdicato the position of wdklctui- 
minerl boundai ies between Dices affected fay diftment giarlos of intonsiLy Color applied 
in noithcasl-southwcst bail (a, b, c, d, e) iqpinentb distiiols in wluoh tlic c\idonoo 
was Bounty m cncumslantiel, and dotted lines indicate the position of bounilaiy lines 
which wmo determined but vaguely by the phenomena m the field 

DLTATLCD DCsCHIPTION OT TUX EVIDINOn BY LOCVUTIDB 1 

No distiict designated upon the map as exhibiting intensity of Qiadc E, so fat as the 
wutm could hnd, exhibited any dcstauelive ettccS ol a mote violent kind than the fall 
ot chimneys The leelly typinal measmo of intonsily toi these localities was tho mocking 
and rolling of plosta Without cxaoplian, them aie plaoea whcie the fiimly crmonled 
brdiock ol the Fiancibcan fo motions is eitlioi exposed directly m covciod with a sery 
thm mantle of sod Thix lowest giadc of inlonuty docs not. bv any means oliniulaue 
all places whoto the fiun lmliock is exporad at the ratface It was latbei developed on 
tho summit poilions of the locky hills The tops of Telegioph IIill and Huaaian IIill aie 
iliitiicle in which a luge |iait of tlic chimneys withstood ttio shook Thu was also the 
ease with the uppm ■Jopu ol the ohoit hills about the head of Mai Let Slioot, at tho eonloi 
of tho aiaa Soaicoly any injuues lesulled on the hills of the Potino, and one m two 
small bcipontine hills just ncith of Meiket Bticet wao likewuc immune Bunileily, the 
Hunters Point smpontine lulgc was subjected to a bhock ol low intensity, at least, a 
hasty Binvcy poialed to this conclusion, tho the cvulenco WBb bpoiso anil not thoioly- 
examined Sen Biuuo Mountain, howevei, sms about bis noar to the aonc ol faulting an 
Point Loboa, where most of tho chimneys sveio thiown Intensity of Qiaile D is believed, 
thcrefoie, to have been developed upon the summit of Ban Biuno Mountain 

The general fall ol ohimnoys, slight macking of hick walk, and such damage, donctuig 
mtensity of Giado D, eheiaclciiicB the noillicestcm half, 01 possibly two-thuds, of the 
city and county, except in localities whcio spjcial oondiLions, chiefly lithological, modify 
it DibUicts of exposed bcdiock an the flanks of tho hills, and of rand and alluvium 
wrapped as a thin mantle about theu lowoi Blopes, exhibited this degiee of damage 
Consequently alaigcoica was affected fay this giadc of intensity which does not, m gennal, 
loquno Jwfaulwl duouasion, no violent noi apeoully significant eftcote being produced 
Whoto, howuvu, (ho loose eaith covmrog u thicker, the magnitude and frequency 
of damage inmoaacs Maiket Slioct, between Secoed and Fourth Streets, Mission Street, 
between Fuat and Thud Slieata, and Howaid Sheet, between Second end Thud Sheets, 
together with the faloclu in the ncighboihood of Maiket Street on Montgomciy and 
Kcainey Shoots, Giant Avenue, Stockton and Powell Sheets, foim a dwtriet m which the 
effects denote on intensity only a little Bhoit of Giade C A liuge pioparhon of the build¬ 
ing! wmo excellent structures which individually withstood the shock well In conse¬ 
quence, it was difficult to dinw a line in thia region botween dutnets maiked by brokon 
chimneys and mocked brick walls, and those where mote serious damage was certainly 
developed The leaiatant chaiaotar of the excellent building? and the thoio obhterahon - 
by the fire of evidence piodueed m pom shucturea, lender the detraminahon of the 
mtenmty aa Giade D somewhat doubtful 


‘The stmts mfmsd to in thus doacriptumi an Niom on map SO of tho atlas 
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In the H « r >" adjacent to Point LoLos Avenue anil Clement Sheet, between Fu*l 
Avenue *"d Sixteenth Avinut, in the saml-dune ihstiict, ilamage — mostly ot Giaile D —- 
was pievalent This locality ia the put at the eity mucst to the beat ol tho dnlui banco, 
miH tlm com of auid which icstb upon tlio uneven linliock a unevenly thick, theictoio 
uicgulai mint ions ot mlenaity in. to he expected NouiLhclft* it is not easy to fix (Jio 
hounduKi between Giade C anil Giade D in thu pai t ot the city 

Along Oak aikl Fell Sheets, uid Uic Panhandle PaiLway tiom Biodciick SticcL wist, 
the intensity ckbriy appuoochcw Giade C without accnnng quite to icoch it 

Along Washington btacet and its unmeiliatc vicmiLy, iiuin Baku Stieetwcat toSiuure 
fitieel, on the nest of tho sandstone lidge, the intensity is highu than toi most ollici 
localities ot exposed bcdiock Fallon ehimncgrs and cmcks u tuundation walls irao 
moic picvilcnt than in moat aicaa so situated 

On bcdiock at Point Lobos, eko, the effects indicate an inLcnvly pi city cloeo to 
Giade C, but this locabty is ncaim the fault thin any athei Fiancibcen outuop *a\c the 
western slope* ot Sen Biuno Mountain 

Wo may bay in genanl, thcietoie, that Glide D is the intensity developed on bate lock 
foundations, 01 on luck only mockutalr coated witli Kill, in the naitheaslein pail of the 
citi end county cl Han Ftanrisco 

In the low lands of the valleys, and along pent ions of the wain-hunt, tho sand and 
alluvial ilcpositb me thicket and the dc-tiuctive effects uclc inucaeed in magnitude ual 
in piunlrnijc, ako thiuout a luge put ot the sand-dune tinot at tho west, wliucici 
avidcnco was ubtauud, ineieasort mten-ilv was tound to pievod 

All ovei Mission Valley and Tlaycs Valley, includmg Uppu Hayes Volley, buck walk 
weic clocked and some gahtce and walk actually tell Buildings placed on weak uinlci- 
pmniiig weir frequently displecod slightly ham Uic \oitiael In a few cam, weak fiamo 
duellings collapaed as a lesull ol the giving way ot weak foundation btaucluics Most 
chimney stacks weic bioken In no put of this luge dnliiet was i*\ulence of this kind 
lacking, altho the mnjouty of tlm ahuchnce wcio tanly substantial fiamo dwellings, and 
woie ot eouise nut saioinly damaged Thcie won much imlooi dunnge, but no m\ liti¬ 
gation or this wiu undci taken 

At tho outci mugin ot thb uoa, muLod by on intensity ol Ghocle C, the dishuclivo 
effects wue ucakci, uulicating an intensity just above (bade D Whne the disliict 
ulioins locnlrtw which luffeitil a still sevucr shook, the damage was of gieatci magni¬ 
tude and nune pievalent Besides this giadalion theic woe, within the limits of thu dis- 
tiicl, scvcial littleloudibou whcia the eluiuLciistic dmtiucbve cherts weic eornincuously 
numeious 

In the neighboihond of O'Fanell Sheet, hot ween, say, Muon end Taylm Stioels, buck 
woik was sully clocked Photqgidph* made befoia the hie (plate 87 a) show that sumo 
budding fronts weic thiown out on O'Fsuicll Sticet in this vicinity Many of the build¬ 
ings hpicehouts wcie muliocio ntiuclincs at best, but uquucs uac too gencially db- 
tnhutcd to be ascnbrd wholly' to atiuchual wuakocm The Jamage wu not ot gioat 
inagmtuile and did not indicate intensity' ot Giade B,so fu m coukl ho made out from the 
turns aftei thcfiiu 

Ncm the City Hall thcie wus a small locality conspicuous fca the damage pioilured 
The City Hell itself made a pidiucsqua mm (plates 82 and 83a), as all the woikl knows, 
but the rbaiartm oT the eonetiuchon was inobahly a laigB faotoi in ife destitution 
Nemthelna ugjly cracks in otiis buddings neu by indicated intensity somewhat 
highu then was common in the valley iliatuct os a whale 

Just south at JeSeison Square some week buildings quite wnllapul , and foundation 
walk waie gencially clocked and uueht Wooilen unda pinning showed a tendency to 
luieh and thiow buddings slightly out of tho vutieol Sundu effects pievuled along 
Folsom and Tieat Stieeb foi two oi thice blocks south of Eighteenth Sheet 
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Tho blocks between tho olil tiile-nui&h aica, extending cost fiom neai Uic Pust-o(fire, 
and tbc foimoi couine of Mission Clock, give evidence in the form ot mocked Fouiulalion 
walls, biokon connote ccllai floois, i to, ot intensity values high in Giailc G The hie 
dul much to desLioy ov ulcnce heir, ou it uas a disLiicl of wooden dwelling 
Fiom neai the eoinin of Thnd and King, to tho coinei of Folsom and Hlouml St 1 cots, 
thcio is a nnnow lunge of laiul constituting the walci-fionl mound Rincon Point The 
land ib pailly naluial anil paitlj nuulo Fi w shuehiics aic toiind on it winch aio mil 
built on piling, whethn they be wuohcuscb on the cloaks 01 good mock in building* Sonic 
pail* of Uio aica aio dovoul ot buildings No ov ulonco sms disclosed in this bool indicat¬ 
ing liitonBiLy highci than Qiodc C Significant cvulonco was scoioo Cracked buck 
wnlla licio uul Lhric omvod to fix the dcgiee of intensity 
Onwnid to the uoith anil to tho went horn the oorner o( Stcuait and Folsom Sheets, 
oxtonds a nauow binuous aica aionnd Telqpaph Hill to the v leinily ot Block Point, 
wluoh is designated upon the map as effected bv an intensity ot Giailc C Such effects 
as badly ciaokod buck walls, some of wluoh tell, tlic fall of eoimoca and phlae, otc, 
aie said to have been devdepod heie Such ovidcnce Ob could be made out amid the 
flic luuih loiulb to conhun this This legion divide* the wato-fionl aioa of made land, 
wheio higli intensity uas developed, from aonrlilono hills, wheio a lebsm shook was cx- 
pcuenccd It will bciliscust fuidim m connection with phenomena ot special significance 
A low-lying cicsounl-slinped aioa of alluvium and sand, wilhaliUJcmado land nou Hie 
shoie, oxtends wcbtwmd fiom Black Point to Foil Point South, east, and west tho 
lullb iibo steeply Foimoily a tulo-mush completely sopaiatcd the alluvial flats fioin tlm 
sandhui at tho bhoic Paitot this, neai its mouth,bus boon filled Buddings aio bcontily 
ihatubuted all over the aira Evidence in tho loim ol stiuctuiol damage n not, thoiofoia, 
mol frequently Hie hlled land oT the lulo-moish is devoid ot struclmoa Thcio aio 
sound little localities m this disluot inaiked by damago denoting intensity oT Giade B 
Theso will be mentioned latoi Foi the moat pa it, fiauio buildings oooasionally tilled a 
little out of the voiticol, and mocked and ciasht foundation walla aie typical of tho do- 
nhuchvc cflools found hoie 

Lending down into this aica fiom noai the coinai of Polk Shoot and Pacific Avenue 
is a miiun volley, onoo dooply ticnchod, but now modified by alluvial uul ailifioial filling 
Along its corn so mod ehimnms weie thiawn and foundation walls weie ciackod and ciusht 
gonmolly Two little plocm, wheio intensity of Giade B was developed, uo situated in 
tho hough They am diseuat below 

K gioup of small aicas, 1 in numbm, togclhoi with a small spur of Mission Valley, 
situated along a line extending ncilhwostfiom about the junolionof Sixteenth and Ddoios 
Sheets, is designated upon the map as ohuaotciued bj intensity of Giade C It chancee 
that tho noilhwcst c\liomity of this hue aoinculas with tho location of on old fanlt-xonc, 
montionod above as putly dclmmimng the southwmtun hmits of the cmpcntuie 
In one of theso localities, plastically bounded by Maple, Spiuce, Washington, and 
California Sheets, buck walla and foundations won nocked conspicuously A budding 
at the coiner of Maple uul Washington Sheets hod a balcony suppoited by pillais above 
its fiont anti onoo Thu was thioun doun, uul tho walla weie mocked lathm badly 
It was piobahly a stauctuia ill adapted to iombI oai thqnake shook Stdl it stands dncctly 
upon a bue ledge of Bn pontine, and upon aimibu lock in tho Potiao, an equal dibtanee 
fiom the fault, mtensity of only Giade E was developed 
At the coinei of Maple and California Sheets, the Hahnemann Hospital, a now buck 
building, nustunod sevcic damage, puhmduly the oast wing If imghbming stauetuica 
showed any dostiublive effects oompaiable with this, inteusity of Giade B would ho ra- 
dioatod But they do not Some oauae peculiar to tho budding ltnolf n responsible for 
the ezoggeiation of tho intensity Probably the newness of tho masonry was a contribu¬ 
tory factor The surface matmial hme is sand, but it con not be vmy thibk 
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Alon g the eame line, neu the eomm of Wnlloi and Partola Streets, is a little locality of 
shaip intensity, quite within the lowei lange of Giade B It occupies about a block 
In the adjoining blocks chimneyB fell genciallv, houeee weie diatuibed slightly on then 
foundations, anil foundation nulla were ciaokcd Horn a thin layer of ■sand occupies 
the bottom and lower dopes of a duup little valley There aic low acipcnlinc hills just 
to the east, with higher cheit hills to the west 
In the vicinity of the comer of Yan Ncbb Avenue and Clay Street, three u a low place, 
01 saddle, in the west of the sandstone ndge whole, without appaiont lithological cause, 
three wets manifestations of some violence Some apparently good buildings displayed 
conspicuous ciacks It is believed that this damage may be m put aauibed to explosions 
of dynamite used in checking the fire, but in many cues the creaks do not appeal to be due 
to this causa Three q doubt as to tho meaning of the evidence hue 
In the western pail ot the city poper, tho Richmond distiict, the 8unset district, anil 
Golden Gate Faik, theio me several places where chimneys wore quite genre ally destioycd 
and houses were shitted slight lv on then foundations Louse mini oovua the lock to an 
unknown depth, but this maullo is piobabl} not veiy thiek 
TjlUb Stieet, m the vicinity cf Fifth, Sixth, and Seventh Avonues, b one of then local¬ 
ities, where, tm instance, the Maiia Kip Orphanage exhibited conspicuous nocka in 
its bank walls, u well as fallen gables In tho Home fm the Aged, not fai away, naeka 
in the buck walla were niunaaus Dwdhngs of wooden frame oonatiuotion were le* 
scuoush ibmagod, but even there were much more noticeably affectod than othrea at a 
little dialanco The buildings or there ehailiable maLitutiena were pobably not veiy well 
eonabucted 

A smaller area, on Eleventh Avenue between California and Qement Streets, shows 
one frame dwelling quite turned by collapse (See plato 88a ) Una was duo to tho giv¬ 
ing way of a high-posted wooden undci pinning Houses near by are eompaialively 
little afleeted It is suggested that. Una locality » a place filled by grading 
Along Fuat Avenue, between Point Lobos Avenue and A Street, a considerable longlh 
of Uie west wall ot Uia Odd Fallows Cbmotery was Uuown ovci to the east This wua a 
concrete wall 5 oi 0 fcot high, mill a thickness at the haw or fiom 1 to 15 foot It was 
icenfoiead near the top fay a 2-ineh gps pipe limning tlio length of the wall Houses 
on the west aide of the street were slight lj Muffed an Uimr baseman to 
On Thud Avenue, between FomL Lobas Avenue and dement Street, the undci pinning 
oT house* was diatuibed 

The Fiench Hospital buildings, whioh oecupy the antuo blank bounded by Point 
Lobas Avenue, Fifth Avenue, A Street, and Sixth Avunuo, showed ugly, X-ahapeil eiacka 
in the buck walla, especially in the oantrel tanas Some buck woik fell horn the gablea, 
anil tho chimney stack nas bioken 

In this put of the cil\ buiklmgs air isolated oi in amall eluatres, with unbuilt distiicts 
ot blown rend mtci veiling Consequently evidence was scuea and un&atisfactoiy 
The Puk Emm gone v Hospital, nnu the southeast conun of Golden Gate Paik, had its 
walls badly cracked ami its gnblo thiown out It is a amall, 1-etoiy, sandstone builrlmg, 
with a wooden fiamc Its site was loan sand of unknown depth, piobably extensively 
giaded Evidently it nas not an excellently built structure The reatauiunt at the 
child]en’s playground in the Puk was wicoked (Plato 80) 

The Museum m thoFlaik, not lu bam the conrer of Eleventh Avenue end Fulton Street, 
was a wooden flamed building, with buck and plaster walla There were cracked very 
badly, and conudatablp pin lions fell Neu by oauudemble buck *n«l atone fell bora tbs 
cornice of the musio aland Ugly eiacka Havreaed the hemisphencal aioh, constructed 
of sandstone blooka, which areved as a sound rofleotor Tho building was made of sand¬ 
stone hloclm, booked with hnck. In aome of the eoLumna, aeveial of the blocks are moved 
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out of plane Two or thiee amallei buddings in the immcriialo ncighboihood wmo aim 
notably damaged Inlcnsrtyaquivalciit to high \ slues ot QiodcC wai cailauily developed 
hcicabouta In snme cases it undoubtedly icachcd low values of Qiodi' I) YeL tho glass 
walla and loof of tho comoivaloiy, anil of the aviaiy dose liy, weir not appreciably 
damaged Thn discrepancy shows dually Lliol bomo jiuiclv local facial data mined tho 
amount of damage 

Buildings on the beach Band* neat the Clift Iloiibc, olaso to thr sandstone elifls of Point 
Lobaa, woie stiongly bhoken A small 1-stoiy luiok pumping hlalum luul ilia walla 
badly clocked and porliona thrown down, lta chimney alack also was lunkrn Wink 
undeipmning m some noighboiing fiame buildings yirklod pncrptilily Heir also on 
alnupt tianailion ib noticed bom intensity of Giado C on Ilia sands to Oiado D on tho 
aandbtonc cliffs 

Neai Lakovirw, fauly well built fiamo buddings on duno Band of unknown thickness 
were caused to luich and shift their positions 

Ocean Avenue, botwetm Ingle&ide and the Boa, tho almost devoid of alruotuiob, allows 
fay the unearthing, bending, end oven breaking of drainage and watm pipes, and by 
fibbuire in the toed end asphalt paving, a ohange of intensity fiom Oiado C to Grade B 

LOQAUI1B OF LFSBEU IUPORTANCD ArilXTnD BY IMTSmiTY OF ORADK n 

In the nci^iboihood of Iho mossing of Sterner end Sutter 8110010,111010 u an uieguliuly 
bounded distnot a little laiga thau a city block in which several buildmga not oonapiou- 
ouely week wme totally deetaoved St Domuuc's Chinch, at the 001 na of Sterna and 
Bosh Slieola, woa a oomplote nun, as the illuatration (plate 02a) Bhowa Its Bteople 
towers were mined, its loof fell in, and all its walla were so badly aaakod that it beaome 
a menace to the naghbaihood If tfao shook had oecuirad danng the honre of religious 
eenraeo, few woukl have escaped fiom the building olive Probably it waa not a building 
of the meat excellent eonatiuotion, but, on the other hand, it did not appear to bo built 
Sunnily It certainly sufloied a moat liolent shaking Noai by amaU fiame dwellings 
were pitched horn then underpinning 

On Geeiy Stioot, just above Filbnoie Sheet, two woodon-fiamod buck builduigs atand- 
lng aide by udo—the Albm t Pike Memoi lal Temple (Maaonie) end a Jewah Synagogue— 
wore utleily wreoked, as tho illustiabon shows (Plata 87 b ) Tho Guls 1 IIigh School, 
ncai by on O'Faiiell Street, at Scott Sheet, pooily and flunaily built, waa badly damaged. 
Its walla were much crooked and portions of the gable walla wme thiown down 

This diatnet of Qiada B intensity ■ on the floor of Upper Hayes Volley and u sui- 
rounded by a relatively broad area in which Gi ado C offecta prevail It lkancar tho base 
of the hills which ham in the valley on the east The sinface shata are aand and alluvium 
extending to no great depth, unkre the slopes of the bediock hills change euddonly where 
they pen undei the mantle of loose mateuals No explanation oan bo offaied for the 
oeeunenee of this limited area of high intensity fGiado B) unlese it bo that the duhict 
has been converted mto "made” ground fay extensive grading in the prepaiatum of the 
surface for lanHwig sites and at recta 

At the comer of Vallejo Street and Van New Avenue, fiaurea were formed m tho asphalt 
paving, sidewalk pavements were thrust over the curbing, and water-menu and beware 
were broken Buddings were thrown out of the vertical, and fonndationB and lower story 
walls were shifted and enuht The wallB about the foundation of one bnok building wme 
actually deformed into undulations with much oonaoquent crocking Thu building was 
so badly damaged that it bad to bo taken down Surrounding thu earner u a small ovoid 
dntnet, about 2 blocks in extent, in which the intensity was clearly of Grade B Tins 
was once a sharp ravine and hod been filled to a depth of 40 feet in order to provide a 
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suitable grade far streets and buildings The filling wib shaken togelhei and moved 
slightly downhill 

On Lambaid, between Gough and Octaxia Btieels, ■ a httle siea, less than a block in 
extent,m which the dcstiuctne eftcots wrae of Glide B NojiniLicukilj notable eflccts 
weie pioduced. It is a disliiot oF made land, foimoily the site of a little lagoon m the 
sands, known as Washerwoman's Ingoon A poition of Union Stieet, between Picioe 
and fltnnei Slicets, not mne than a quaitci of a block m length, whcie a filling had been 
made to equalize the street giadc, win shaken down Into the adjacent building loL on the 
north The naith sidewalk was shifted about 10 feet to Lhc noiLh, and dcpifeL about 10 
feet below its anginal level Tbs south sidewalk wn* dcpicsl a few inrlire and shifted to 
the north fiom 2 to 3 feet Tho paving and the cable oanduit sulteicd moie aoveie damago 
than at any othei pomt in the oily The phologiaph iplate 88n) conveys a giaphie 
oonception of the sen gioat violence whish oceuued heie Hie phenomena have no 
genual bignificance, hnweici, dexpito their etiikmg cheiectei, being mcidy a sliding of 
unconsolidated matenol not suppoiLhl on the Bides But that such places aie duigeious 
build mg sites, especially in icguma subject to Bewnic disluihencps, is unequivocally 
demonstrated 

Along the noith <>hnic walei-fiont, between Fillnuxc and Stcinoi Sticeli, bom Boy 
Bticet to tho watai'h eilge, wan a plot ot made gioand occupied by a gas-picducing plan t 
Heie hiuk walk wcic aaoked anil paitly t hi own down, pail of the wooden bamcwoik 
was wicnched onl or jwmtion, and tho chimney ataek was broken One of the Lugo gas- 
oantaineib was badly wiecLed, but whether its dcstiucLion was caused dncetly m in somo 
aacandaiy way, as by lopsl leakage, u not known Tbo mtaisity was eleoily Giado B 

Along Lyon, Bakei, and Biodenek BUeota, umlh of Noith Pomt Bliccl, is a *.mnll 
locality 2 blocks wido and 4 blocks long, wheie the Bakei Street sewn was broken and 
bad fume buildings weie thrown out of the vmtical This dnLnct was paitlymnde land, 
but the giealei put was an the point of a sand-jut Unquestionably extensive ginduig 
had been done to piapiue the giaund lor building 

In Golden Gate Park, near the Mtacum, tho giemteiailmg of a stone-uch hiirlgp was 
shatteied by the shook This was a low balu^liailc, with muiy tuinod gianile jmsls vl 
closely togcthei, supporting a fiat, massive giamte top-iail Such damago as it sustained 
appeub to indicate an intensity ol Grade B The biidgo waa built on looso sand of no 
gicat thickness 

On Pulton Bbeet, between Twelfth and Thulranth Avenuos, Iheio wa» much dumping 
of the Blieot-hlling down into the Puk adjacent, and exactly the bame noit of damage 
ocouued an H btieet, between Nmth end FouiLeenth Avenuee Allho, the 
defimtume, tho damage produced m then loaelities denotes uteneity of Giado B, it ■ 
believed that the energy of the shook waa not gieatei than elsawhate in thou nmn«M p 
neighboihood« Hiey were especially su , socptihle to damage bom pci thiiuakc shock, 
being practically loose eoilh embankments 

Bt iawh euy Hill, m Golden Gate Puk, is a eheit knob rising abruptly in tho sand wastes 
Ita summit had been leveled, but it ■ not known whether this waa (tone by cutting oft the 
tap and filling out the uppa dopes, m by filling alone The altitude gnen foi Llio picecnt 
hilla the aameas that given in tho eulrcat aeouiato surveys Mm* aitifieial atono woik. 
“w* ■ *wieiete ofaaeisatoiy building 2 atntm htfi, had been nested upon the 

leveled h illtop This building was of weak design, having a row of columns, with window^ 
between, which leated upon a foundation wall 8 feet high and supported a heavy seoond- 
stary balcony His construction itself waa ptobablv good, but the obsenalary was 
utterly ruined by the shock (Plates 84 and 86) The entire lower stoiv was dimed 
out of position, and part of the balcony tell The eement floor showed numerous ciacks 
Si ranged m a roughly canoentno way 
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The whole pcnphci y of Ihc hilltop was luohin into a senes of conccntiic blocks 01 steps, 
anil (lie outm oiks inuvnl down the lull fiom 2 to 8 reft The mlificinl stone wnik was 
badly clocked and dislodged These phonomana indicated that tlu* matcnol iisnl in gi oil¬ 
ing llie uppci slope* lurl sclllcil soinruhat, with con^nonL lupluio of the sin luce anil 
winking of the building No olhci explanation enn be uigisl tai Mir hsinking damage 
on (his lull, in view of the small damage ]uoduoal on olhci lock summits in the citv 

All the dnveways ui the wisliin put of Golden Gate Paik showed scnllcied nnnow 
fi*nucs Thuc weie hut lewsliucluir* lieio, and the} did not hlunv significant, damage 
These weie low, slicing, home buikhngs It is a dislnct wlueli wu c\lensi\ely guided m 
tlu* wnik ot land°cape gnulenmg, and is umlciLun by a docp sand deposit It appeals to 
haw suQeicd a shock ol intensity ol the niuldlc isnge ot Giade B 

miNoiiLNi or rsprcivL nrrcanrr 

About the Ferny Building, at the foot of MukcL Sheet, is achstnet of "niiule 11 lonil, 
shonn on map No 17, in which high intensity was manifested Heio builehnga ol all 
soits weicciowdcdedesctogetlici Wooden buildings, 1 sloivtod sloticslugh. with buck 
oi stone wnik front*, weie mleis]iciscd among oidinaiy buck buildings liom 2 to 0 oi S 
stones in height Mingled with these wa» a aonsideiablc numbei of modem, class A, 
olhce biuldings Ileie the Inu bunird ficicely ami caused gieaL liovoc, hrainng llio btuvLs 
and Lhe eollaiB of buildings wiLh fallen buck ami stone and twisted Iksuiis ami gneleis 
Feu necks aftci the confiagiation manj ol tlie sheets weie completely hidden urn lei Lhe 
dtibna So much of the damage due ducctly to the sliock was thoieb) concealed oi oh- 
htcialcd, that no adequate knowledge of the duect otter is of Iho caiLliquake could lio 
obtaiiinl in this put or the city, Iho eye-witnesses tell of cornices anil gablm which fell, 
and of walk and inoh which collapsed at the time of the shock Allet the file had past, 
ataniling anils icualrd ugly, sinuous cnuskis, in nvldy panllcl systems, which weie noL 
clue In hie ucn to (Ivnamile Masoni) blocks m the walls of excellent modem buildings 
wene bmken as liy a blow Bivela weie shceucd oil in put a of Iho fiainowoik of steel 
aliuctiiics, and tension lods in such fiaiuch weie badly btiotohod Tuhuloi ousl-uon 
columns, siipixMliug (luoi giiehss, wuio bioken oil ncu thou bases in crllais whmc tliev 
irstcil upon piling The oonciclc easing of piles was frequently lnoken Wheiaver Lhe 
intcnsiiy was high, Lho tondenoy to mack oi uush neu the base, as tlio a shaip blow horl 
heen stiuck thcic, was notably conapuuoub In spotu Ihc sheets sank iMxlily, ocitainly 
ns much ns 2 feet, piobahly uunc Accompanying this dcpiaasion, oonciclc buomcnL 
flooia weie biokcn and niched, as if to compensate foi it The HUifocc of Lhe giound was 
defoinied into wains and small open hssurca weie foirncd, eapcoially clo&c to the whai ves 
Buildings on the wolei side, along East Slicel, genei ally slumped acawanl, m aome oaoca 
ab inurh as 2 feel The damage was gieateel dose to the watei's cilge, gi owing leas ns the 
solid land sms approached, giodually at fiist, then moie lapidly Thcac phonomcna 
seem to suggest that the mateuals used in filling weie shaken togclhei so aa to occupy lots 
apace with the accompanying development of waves, fhhuias, and stiuctuial damage 
The moie leecnt (ho filling, the inoie it would be compactori, hence the gicalei pioi alenee 
and magnitude of dobhuotivo efteota ncai the watei's edge 

As well aa could bo mule out bom the inadequate osidenoo left by the file, the diatiict 
which buflcied intensity ot Giade B is limited on the landwud aula by a line diawn hom 
Fllbcit Stiaat to Mu lest Sheet, bet wean Batteiy and Fiont Sheets, thonoe between 
Fust and Fieraont Sheets to a bttls south of Folsom Sheet, wlieie the line turns and 
runs eastwud to tho wharves Flanking this diahiot on the landwud aide is a nuiow, 
sinuous uoa limited fay a hno diawn hom Filbeit Stieet to Gieen Sheet, just east ol Son- 
some Street, thence between Sansome and MantgomuySheeb to Mukot Sheet, thonco 
to the enma of Mission and Fust Stieeb, thence between Fust and Fiemont Stieeta 
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to a [mint houUi of Folsom ttbcoL, Ihonco PBstnly newly to the wlioivca Dal ween 
Washington uul Uaciamonto fJlii'oth, Him boinulaiy is hnicly cast of Montgomery Sheet 
Immediately wml ol those (lull lots, low intensity prevailed 

It n ot inlorcst to inquiic whcllior nil 01 only a pin lion or lliu distiirL in wlmh high 
intensity uos developed u "mado" land In tho map (fig 51) is lcpioduuil a pintion 
ofthaUSCfcGS ehait, "City ot don Fiaiinsco and its VKimty," published in 1R53 
horn suiveys made in 1851-1852 On ll the (lotraml-bin lino repiismli (lie ramso of 
Llio "anginal higb-watci hno acooiding to plot of Wni M Eddy's suivey ilahxl 1852 " 
Tho "mo eontoin 11 which data mines tho aanfiguiabnn of Llie shore, c\ccpl where whni ves 
puL out, ib diown by a continuous line, it is not orpiansly defined, but it is liclieved to 
represent mean low-watci, as tho sounilings oic mcasuiod liom this lcsol IL is noodles* 
to point out thaL tins contoui ia diawn raithci seaward than tho anginal high-walci line 
Tim poition thus delimited has an oiea of not less than 20 oily blocks, paitly oi wildly 
occupied fay buildings Quite outaido the "mo aonloui," as sliown on this mup, aio 
8 complete blocks and poiLions of othcis — an aica of not leas than 10 city hlooks, paitly 
oi wildly builL upon If, then, confidence may be placed in the location of the ongiud 
high-watm fane of the Eddy am vcy of 1852, theie wmo dieady in San Fmnoisco 30 blocks 
ot "inBilo ,> land, occupied wholly ai in part by buildings bofbio the end of 1858, less than 
4 ycais aftn the sudilen uish to Odifoinui which followed the diacovny of gdd in 1840 
The leviocd chail of 1857 diowB that vmy little additional land was made in this diabiel 
m the Buccocding foui jasis 

Without conflicting ovidenee horn othci smveys, and no such et idcneo hoe been found, 
tho high-water hna fletafahahed by tho Eddy auivny can not bo discredited Still it is 
piopci to btate that these tactB rauo some doubts oa to tho aocui ary of its delineation, and 
that tho evidence developed fay the eaithquake docs noL tend to dispel these doubts. 
The giadaUon in tho cffoels pioducod by tho shook, bom gical magnitude at tho watci- 
fionl to small at the Inmci land maigm, would auggoat that at least the maigmol d»- 
tuct whmo only Giode C mtonsity was riovolopod, tho oulado tho location of tho anginal 
high-water hno, might not be mode land, altho it has undoubtedly been somewhat olo- 
vsted by giodmg Vciy little stems con be laid an this suggestion, howrva, foi than 
(batelets oullned vmy severely in the eaithquake shook ot 1808, but tho matenals used 
in filling wrac then, of corn so, ehaken togptbm, end in addition, tho slow settling togethm 
bomycai to yeoi has undoubtedly compacted the oailior made land muoh mmo than that 
locently "mulls " Besidca, the exhibition of damaga dopenda upon the diameter of 
the structures in a given locality, as well as upon the gi ound, anil it w to bo noted that tho 
buildings along Kaainev, Uontgommy, and Banaome Streata campnicd a laigei pu- 
contogo of oxodlont sta uctures then the streets neuor the whoi ves Tho pioblem is thus 
complex, and veiy likely unsolvoble, but there remaina the haunting suggestion that the 
"oiigmnl higb-watoi line" don not constitute the landwsid boundary of the "made" 
land, piopmly speaking At any iota, it is vary cleu that that which was known to bo 
"made" land suffered much mare severely than that which was known to bo natuial 
alluvium 

It m ini|>irtant tn leoognue that, despite tho gieot intensity mamfeated near the water- 
hant, lusi-rlats molan buildings, such as the Fairy Building, built upon deep piling 
or giillage touihLitioiie, were not imperiled fay injuries to thenr walls or framework 
Some nveta ware shewed off, some tension rods wme atretehed, on occasional girder 
woe dislodged, and areola wme formed here end there in the buck and atone walla 
Imp fi nanmal ],□■ WIB unquesbonoUly oecaowined, but buildinp of this typo ware not 
in senoua danger of run of being toppled over, either during ar after the shook 

Nevertheless eanmvative engineers leoognue that even those structures were weakened 
Tlay noognin, too, that future shocks may exert greater energy, and they ere trying 
to devise buildinp better able to resist the peculiar atrnsica of earthquake shocks The 
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genual public should share theu intuest, and uphold and enfmce the piansione they 
deem it mw to make against futine dmateib 
A good indication of the value of deep piling op a foundation stiuctuic uas furnished 
by the oanduita of the eaUo-cu system on lowei Maiket Stieet On account ot the 
constant tendency ot the aholu datiict to subside horn jeai lo yesi, os the filling malaial 
became mate closely compacted, these conduits aero constituted upon piling to ■secure 
peimanence of giode On both sides ot them the stieot tank in places as much as 2 feet, 
and the pavement was biokon, fimuicd, aiul thiown into wa\cs These liacks did not 
oaoape entuely, but Eoi ravciai davs, bcfoit etieot lepona wae made, they constituted 
a naiiow laiacd path along the eentei of tho sheet 
Altho m this put of the city the die did muoh to eonceal the earthquake damage, a 
few little spots, especially along the wata-tiont, ahcio wntei was available, escaped its 
devastation A budding on Speu Stieet neu Folsom, occupied by the National Dolt 
Wala, lUustutes what muet have oocuned m tin case of many email buck stiuctuics 
Its ode wall was thiown down nod the entuo shuctuie luichcd out of plumb To bo 
suie, this budding was heavily loaded on its seaoml floor, still it was not» badly dam¬ 
aged bb many putly standing walls in n&u-by distiirts swept by hie The euthquoke 
cracks, bung unuou*, and leouumg with a i ude parallelism, wueens} to distinguish fiam 
crooks opened by heat, 01 by the atreesra induced by the wicnehing away of tailing wall" 
or by dynamite Buddingb medal upon good foundationb withstood the mdeal well, 
even when the sheets aiound them wae depiast and fiauied The Appiaisme 1 Build¬ 
ing furnishes a good illuatiafaon of this, it is substantially built of biiok upon a piling 
foundation, at the coma of Washington and SiDUome Streets, and still stands mlhout 
significant damage The levels of its foundation walla woe not disturbed (See fig 53) 
High intensity was developed ihraoul a small dongate distnet having a width of about 
two hlocks, which extends Fiom neai the miner of Eighth end Mission Shoots to the 
vicinity of Fbmth and Brannon Sticots, bom this point the boundu les are mcgular and 
very cnuioue, leading to the watei-front at about the mornings of Thud Sheet with Baij 
and Channel Slicets A glance at the gnolcgioal map, No 17, shows that the icgulaily 
bounded poition of this di&tnot conesponils vay closely with the aiea of a fa mm lule- 
marsh, diained and flooded by one or two small tklal sticams Tlia foimm shorn lino ot 
Mumn Bay waa just noithot Bionnon Sheet, between Fouith and Fifth Sheets, so that 
the angular seanaid portion of tho diahicb hea outside the old shoie 
Hub is one of two localities m the city, tbo otha bang a “made" land tiacl along 
tho forma course of Mimion Cicek, in which drstiuchve effeetb of gieat magnitude were 
ronapicnoualy developed Only m vay close pio\inuty to the tault wai gieatm violcnco 
manifested Fla blocks the land suifacu, pa\cd sheets, and budding plots alike, ucie 
thrown mto wave fmma, handing east and weal about peiallel to the length of the aiea 
The amplitude end wave-length of these coiLh bdlnwB, and the dittanra* to which they 
extend, bib indefinite and niegulai Tho fisauimg and slumping, and the buckling ot 
blook end asphalt pavements into littlo anticlines and synolines (arahes and hollows), 
accompanied by email open crack* m the earth, ehaiaetnue the lmd surface This 
slumping movement or flow took place in the dneetton of the length of the ana, ami its 
amount was greatest naai the eentei, m channel, wheic the etieet lines wae ehiited east¬ 
ward out of their fanner etiaight rouisex, by amounts vaiving fiom 8 to 6 feet A 
aatufachny photograph of this phenomenon was not obtainable, owing to the quick 
convergence of parallel hoes in paipcctive, but to the obs e rv e r m the it was a very 
striking result of the shook 

The greater part of the district was occupied by wooden dwellings end shops, with a 
small percentage of mediocre bnok buildings *md a few of substantial oonetiuchon Tho 
fin swept the area dear Not even heaps of ddbrib remained to oovu Use ground, most 
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of tho doshuetive eflecls being oblileiatod, along with Ihe *liuctuics in whu.li they weio 
developed Enough lemained, how cm Foundation walla nul sidewalk pavements 
wcie bioken and flexed, ahaip littlo anticlines wme pioduceil in the *tiroL by the nich¬ 
ing of block pai mg, na on Rust Sheet between Folsom and Ilowaid Sheets (plate 88c), 
gi am to embing was bickcn and thiusl up into an mveiteil Y, as on Mots Street, beLwocn 
Folsom and llowoid Sticcts fplate 88n), there weio (naming and slumping in the block 
pavement, na along Columbia Sheet betweon Folaom and Ibuiison Slieolb (plate 89 \), 
and shaip flcxuics of the paved stiects and cai backs, as cn Sixth Slaoct just boulh ot 
Ilowaid BUcot These oftocta point simply mul olnaily to tho gicaL magnitude of thu 
intensity thiuout tho giealei put of thu did bwampy diatiict 

Attention baa oh only Loon ilnectcd to the slumping oi flow movement to the east 
along the long axis ot the uea 

The heavily bnlLuted cai-liaLka on Biyant Sticot, at Uw ciotbing with Eomlh Stioct, 
wcie ahuply fioxod latanlly, the bounded by block paving (Plate 89a) This wat at 
the oastein and ot tho dntuct whcic the mush foimoily bent to the toutli uouiul the 
flanks of Rincon Hill, a max* of turn sandstone using fioin tho flooi oT Mr*ion Valley' 
No Bimilai bhaip flcxuiea weie cncountoied along oiaUwust sheets in the western oi ceu- 
bnl poitionof the dhtuct tho Intend displacement and flat) sinuous cravings of the sheet 
lines weio common enough, notably on Hsinaon StiecL betwnan Fifth and Sixth Sbceta, 
and on Folsom Sheet bcLwauiFouith and Seventh Sheots Doth thoso sheets cut unoss 
the dneotion of the flow movement at a small anglo Tliesc plienomoua uc oaqy to 
iiiulmatand if, na seems omtain. Rmoon Hill saved as a solid butties* against whieh the 
flow to the cast was ninaled, eaihing shup aumplmg of the suitaco ncai Urn buLlieti, 
with lam diatuibanco foilhoi away Thu was combined with a alight tendency to flow 
aouthwaid m the south eastern poll ul the distnct 

The shaking caused the matenois usod in filling to settle togctliei and occupy 1 m hpace, 
so that the suilace over tho whole deduct was loweied by amounts vaiymg fiom a few 
inches to 8 feol oi mote Thu is elculy seen in tlie ohangc ot sheet levels along tlm 
mugm of the solid giound, whae tlie eu nub me bant downwaid in littlo monoclines 
Occasionally a ahuctuie with a relatively good founrlation lemains at ita foima level, 
with the whale neighbaihood dopiest about it Bach a case is evcmplifiod on Sixth Sticot, 
a little south of Ilowaid Shoot, "neni tho mugm of the uea (Hate 89c ) Tim flow 
movement u thought to be due Bimply to tho action of giavily, the loose, watercoakcd 
matciud beuig compacted into lew volume by tho shaking Besides thu, Bulking of the 
dutiict, and its flow movement, mention ha* boon made ot the detoimotion of its auifaee 
into megulu warn, bonding appioximatoly oaat and west paiollol witli the length 
of the dub ict Along the sheets l turning appioximatoly noith and south, at l ight angle* 
to the elongation ot the uea, eu lads weio bent abiuptly to thu side, oi inuod in aiches, 
and shup anticlines wme fanned in the block pavements luge sqiuuo oonaeto dobs, 
used foi sidewalk paving, wme threat ona ovn the othu. and in one oi two cases a slab 
entuely covmed an adjoining one Thera phenomena indicate shoitenmg by oompiea- 
sion in tho noith-south dneotion On the othm hand, howevei, a sbetching of the sui- 
faee u drawn by flssuiee m the paving, by places wfame wedgedike blocks wme depiost 
below the genetal level, and by the iaih of ou bade* whieh weio pulled aput m amounts 
vaiymg from B to 12 inches Owing to the relatively gieat end veij vu table sbuotuial 
strength of paved sheets and heavily ballasted eu books, these phenomena me not 
developed regidaily noi hequently enough to afftnd a sabsfactoiy test of the hypothesis 
that they ere directly associated with the wave foima into which the auifaoe of thu dis¬ 
trict was thrown Bendas, owing peihape to the varymg ligidity of Uio mateiials which 
mulm up the surface of the streets and building [dots, the wave toinu thcmsdve*, tljo 
generally prevalent, ue not pmustent m their extension The compiession end disten- 
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Bion efforts, howevei, mo believed to be duo to the nine oause a*, that which genet nled 
the wave frame, tra tboie ■ no evidence of any tiue shoitcning, ui lengthening, of the 
nmth-eouth dimension of LhK diatiict, noi is then any piobability of this having oaouiiod 

In addition, then, to the flow movement end the settling togethei of the loouc matciiah 
causing depression, theie wee Mime met of lhythiw, movement in this loose erath which 
produced wave rmme in the surface, mth plates of eompmoon anil placeb of stietching 
It piobably was this movement which was most ettcetive in piuduoing etiuctmal damage 
It is not believed that thobB suit ace waves wcie liaveling waves " boxen” as the shock 
subsided If they had been of that chaiactei, the giound surface should bo mom bioken 
than it appealed to be, fra in lelatndy ugid matonala such waveB must develop open 
flsbuioa along the nests, which would alose with ciushing in the houghs It must be 
noted, without any attainpt at explanation, that tho dratiuohve efteeb of gieat magm~ 
tude whiek have been deseiibed above, aie practically confined to tho 'made” land which 
occupies the old maieh Bite 

Southeast of Biannan SUect, where foimcily lay Mission Bay, such eft eels am of Iras 
magnitude, in genual, nie leaa tegular m then occmicnre and aic, on the whole, leas 
piovalent The complete devastation caused by tho flic in this neighborhood leaves 
little to indicate the actual damage to the buddings wiought by tho euthquoke On lain 
hotels ra apoitment houses arc known to have oollapsed, and many fatalities must have 
oecuiied Piobably a few dwellings were thiown down A tenly huge peioonlagc of 
tlio buildings, one must believe, wme londercd dangeioub fra occupation, even tho not 
completely thiown down 

The now United Statu Prat-officc building (plate 94nj, at the amnci of Seventh anil 
Mission Sbeeta, was just on the maigin of the dislucl It is a aloel and giarnto sliuo- 
tuic, lcsting upon a foundation ol piling duvon to a oonaidmahlo depth, but not as tiu 
ra some hod eoneuleied advisable At its southwest coinci, the sliuols oie ilofoimod 
mto gieat waves, some with on nniplitudo ol at least 8 feet, causing (Mines ami ahorp 
compiessmnal niches in tho pavement anil sidewalks Bomo of the giamtc flanking 
stiuotuiflB, which did not icat upon tho pdc foundation ol tho building, alined Uus 
undulatray movement In aoracqurnoe, the building appoam badly damaged to (lie 
casual observer It is quite hue that tho etiuctuie was tcrnbly shaken and gioatly 
damaged — such injuncs as the dcstiuclion of mosaira in the aichra ol tho comdoi 
helped to ineiease the lou — but tho b tractuio was not in pmil of cbUopao, tho ono of 
tho low wnlla hod to bo auppmtcd by tunbcis Era the most put, tlic building auivivrd 
the radeal, and is in a eaTe condition Tra use 

Ae slated biiefly above, a eimilu district of high mtensity oeeaie in an aica of made 
land along the lowei prataonof the framm oouiso of Mission Clock Thisdistiicl vanes in 
width ham 1 to 2 blocks, extending horn neai tho emiun of Nmth and Brominn Sheets 
ncstnud fra about 8 blocks, then southwcstwaid Cm about 2 blocks moie, and hnally, 
weslwud bomo 4 blocks mmo to a point on Nineteenth Stieet just east of Dolmen Shoot 

Mission (heak nos foimoily a amuoua tidal abeam, with nuiow fnngra of salt mush 
about its banka Neai its mouth tho abeam wound aiound a rocky point wheie Uio 
set pontine hills of the Pohcio lose obi uptly horn lb southern bank Hmr, ai«ng its 
mugin, is found tho most sudden tinnsition Irora high to low intensity that n anywheie 
encmmteied in tho at) Along Dai a Sheet, n nauow alley mnning fiom Biyont Sheet 
to Biannan Street, between Nmth and Tenth Sheets, tho eheot pavement woo biolcon 
into a boiics of waves The photographs, plate SBn, looking along Dora Shoot from 
Biyuit towaid Brannon Sheet, plate 90a, lookmg fiom Brennan Shoot m the revnao 
duoobon, and plate 90b, bhowing m detail the trough of one of these waves, with the 
fisBining of the pavement neai the futher most, mHiwra moio oleaily than wmds the 
gieat intensity memfeated hue Leas than 2 bloeks south on the hill slopes, mmo than 
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SO lici coni ol Uio chimneys ucic Hi '•l.uulmg, anil no bmioub btiuctuial damage was 
noted No coiunicnl sccnib nrodcd to psUiMibli olouily tliu tael lluil Iho change in Uie 
dun octet ol Hie giumid, llna taing tin. onlj vniuiblu tackn, is ui some way tlie couoe of 
tlio change in llu* dcgicc ol nilciifaily 

On Nmlli dboel, cnul ol IJinu SlmM, lu'lwum Itiyunl ami Biannnn Hbevis, Iho black 
povomonl woe liadiv damaged l»y (lssming, dumping, mul Die Inniialion ol ouifoce 
wavcb Finnic dwellings wcic lliiown liniii Ihun uiulu pinning, oiul a tew collapbod 
Plato 01a sliows a wave liongli miu JJi vnnl Nlirol, willi llu* icsulliiig dislinbanco of Die 
paicniunl The dwellings liiniuilMloly in llio Imugh linvc diupt horn lliui founda¬ 
tion |iobIb Tn iilalo ( )ln, bulking along Ninth Kliocl lnuu iu*ai Ik aiiiian Ubool, n aliown 
Iho deputation mul hssuung ol llu* sluol aiul its dumping cu flow wislwuid lowmd llio 
linnia channel of a shoil Lnanch of Muion Clock, whioli occupied tin* picscul location 
uf Doio Sliuol Huocte, curbing, mi lied*, ulo , nio ilclloelod fiom II to 8 loci fioni 
thou foimci posilion> Tho finmo dwellings wuio 110I diMioyod, but a caicbil o\iuuinor 
lion of tlio picluio will diow llial mobt ol Uiuii oic badly miuioil Many wmo lofl m 
a dongoious eondilion by Iho shock 

On Tenth Sited, between Biyoiil and Biannan Slicola, 1cm violcuoo was noted mul 
the bluiuping ot flow castwaid (tenaid llio elinnnol ol the lilllo lnanch ol Missum Cicuk) 
ib acmcoly notioeablo 

Again, along llio debt, lied ficni Pol«um Sticcl, bolwcon Sovcntecnlli and Eigjhteanlh 
Streets, to tho iicimly of Valcnoia Sticcl al Eighteenth, gicat deduction wan con¬ 
spicuously piovnlonl less than a llind of llio finmo dwellings ui Una bad lolamod 
lliui vcibcal positions, mul a low callapbcd completely Othms icmaincd nlanding 
only by leaning ogunal oadi otlioi The aouth sido of Howaid Sboel, bolwcon Saven- 
locnth and Eighteenth Sboclb, which cacaped the fiio, furnishes a good lllusbabon of 
Iho damage piodurod hcic (dee plnAo 03 a) As in olhm places, Lho sboota wine do¬ 
piest, ffasuicd, and tluown mlo waves (Plato 00c j Cm imb wcio oicliofl and bent 
laleiafly in a violont fadiion (Plate 02n) 

Howois and wain-mains wise bioken Al Eighteenth and Valencia 8 b rote Uicie 
was a scuous bicok in the wata-pipc IToio, on both sales of Uio si tool, tlio giound 
vnk ahoul 6 fcol, causing llu* loadway ki Rich in a vmy lioliccoble way (Plato 03u) 
Ten-inch cat lads wmo bowed up mlo niches flam 21 to 80 melios m hoighl. Tho Va- 
loncia Bbcot IIoUil collapsed so that occupants of lho fouilh aloiy coukl step out into 
lho sticot Casualties in llus disbicl oan novel bo known accmald}, owmg to Uio 
immediate onset ol tho flic, mul the complete devastation it producod 

On land made by filling m, "The Willows,” a maishy hoot foimmly extending up tho 
Eighteenth Bbcct Valley bom Mission Lagoon, nem the ooinci of Nmctecnlb mid Gum- 
ioio Sheets, iheio was obsmvod a eonsidmablc slumping oi flow movement of the surfscou 
Hie photogiaph (plate &U) chows lho Youth's Duootoiy, a eliailiable Inabtubon fm 
boys, whac the shod and budding weio moved nmthwmd and slightly oostwmd, townid 
the fauna ohannel and downsbeom, fully 8 foot 

Enough evulonco has boon cited to demoxibLiate that high intenaily piBvailod thiu- 
out this disbict Hne, as in tho othci boot of made land which occupies tho ate of 
Uio old tidal mrndi, fclie matenals used fm filling nme sliokon togothm, and caused a 
gonaal depiOMion of the suifscc ova tho whole dihbiet, aceompomod by alnmping or 
flow movemcnls Hie Bin face was defoimod into waves, with ocoompanying italics 
and sharp completions! mebeo Hmc too, as in lho treat pieviously dasaibed, the 
matenals used fm filling constitute a ldatively thin ngid layer deposited upon tho 
mm ah} fnngea m in the diollow wotma of the creek 

Hie meek (see map No 17) fmmeily extended for about 2 blocks eastward bom Ninth 
and Biannan Stieets befme it lcached the old dime line of Minion Bay. Thib portion 
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of its oouibb n now oocupied in Lugs put by Uio i ail way hacks anil Bbuctuies of the 
Southern Pacific Company, anil the exceptionally bhong foundation neccabanly pio- 
vided foi the lailway lute piobably explains why leas damage was found brio than one 
would at fiiet have expected At any iatc, the gieotcst damage noted waa tho unoking 
ot biiok aalla and the falling of oamieea 

Tho apace foimeily occupied by Mission Bay hna been putly filled to piovido building 
aites, and of couiao the matmiala used in filling weie deposited in watai Tho diatiict 
la oocupied in put by structures ot peat stiength, such aa lulway hacks, m pul it 
la devoid of buildings Thiuout tho diaUicl, evidence waa insufficient and inconclu¬ 
sive Except neu tho foimei outlet ot Mission Cieek, and m the uoa fuithcx noith 
foimeily occupied by the tidal mush, the debUuction pioduaed does not dp nolo inten¬ 
sity higher than Grade C Appaiontly, thmcfoie, land made by filling up spaces of opon 
watei is leu dangerous, on tho whole, than land made by depositing a thin ligirl layci 
of filling upon a boot ot mush land This, at least, is tho lesion in Son Fianciaoo The 
leaaona fin it ue not veiy clcai Space foibid* a disouxaon of them us whioh oon not 
be adequately tested It may bo noted, however, that much of Uio malarial uoed in 
filling m ugob of water hoe been hioksn nek deuved fiom the giodiog down of iraigli- 
boung looky hills 

Neu tho emnei of Walla ami ForlMa Sheets, not fai noith of the head of Mukol 
Sticct, is a locality, leu than a blooL in extent, wfaae hoises was shiltod slightly on 
Iheu toundationa, thou uppei atones weie moved futher eoatwud (downhill) than the 
foundations, os a lesull of iheuing in Uio tmmasraik of the basement 01 of the fust atoiy 
of the buddings (Plate OOn ) These also ocouiied minor buckings end banking of 
the thm asphalt pavement The mleiuty, whioli ^inmgp low in tho lange of Grade B, 
dimnuahu iapully in all duBotiona, and lira dstiict u euiiounded by a whae Hip 
mtenaty is Giade C Hole a thm layu of Band reposes upon tho dopes of a little nploud 
valley between the loweorpentine hills to the east and tho high eheil hdlb to tho west 
The effects ue such as would bo pnoduccd by a slicking downhill of Una thm sand layui, 
with tho stiuotuiu which ieat upon it This seems (ho beat explanation of high inten¬ 
sity m this dstirat Attention, nevuthelesB, mint bo dneoted to the fact Ural this, 
and three other drstucta shown on the map, No ]9, lie toughly along a lino 

whioh neatly ooumdea with tho western boundaiy of the Bdpentme body AL its nortli- 
west end, Hus bounduy is known to be dolcmuned by a fault of unnaiHainhin thiow, 
conaHtutmg consequently a weak place in the enst or tho cutii hen It is not known 
how fu southeast the fault oxtands, and it is not unlikely that it cuts antucly unon the 
peninsula The reounence of them little diabrata ot comparatively high intensity sug¬ 
gests that it continues as fu aoulh as Mukot Sheet, at karat, and that such a sono of 
wesknoBb was especially suited to the production of high wfanmty bj the shock This 
hypothesis can not he oonoliiBively tated, but It is mtuesting and impmtant enough 
to maiit pieaentatum and to leoeive attention in the event of futuie aaithquaimf , 

In auppoit of tha statement mode in tho foregoing pages (hat the intensity maroascB 
maikedly aa one approachca tha Fault, independently of tho ahuactn of the giouiul 
uul otha factoie, Uw following evidence is picsentad 

Forty-eighth Avenue, between K and N Stieeta, is a distiut «nAwl«ii by deep a*nri 
whae extensive grading opeiations woo undoubtedly neceesory to conveit an aroa of 
sand-dunea into sheets and bmlding lota Ueic small, substantial fiame dwollmgs wue 
shif te d bodily fiom 1 to 2 feet out of position, and Uw aheotn were Ji g M-i y rf.pi~«*-i 
Telegraph poles wue tin own down a eoueed to ken ova bo mueh that only the 
of the wun kept thorn ham falling completely, and lamp posts wue overthrown The 
dwellings Buffeted little alruetuial damage, owing to their small, nlwtnfap.1 dhamotai, 
and to their being built close to the ground, so that when shifted from their underpin- 
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ning they had but a few inches to fall Still, it b the opinion ol the wilier that tho in¬ 
tensity developed hcio was bttlo, if any, shot l of tho maximum on tho mule land in the 
city, tho the eondilioib veto not suoh a* to pcinut so gieat damage 

On Ocean Avenue and X Manet, nciu whcie the toimoi outlet of Lake Mciccd flowed, 
Eesuica coo developed m die sheet and in tho sands on oithci side, and watm was 
aquoeicd out ao ee paitly to flood the londwn} Dioni pipce were unoailhcd and bent 
01 twbled 

Fiom llie turner outlet of InLo Moicod, wlioio W BUccl moot* the Grand Ocean 
Boulcvud, 01 Gieat Highway, eouthwoid along the ocean, low cliff's ol boll 100 k — the 
Moicod s&ndulonos and aholcs — rise abiuptly horn tho beach Tlicxo mount giedually 
a& wo go eouthwnid, until at Mu*cl Rock they' attain a height of 5U0 feet All along 
thb line of clifN, end for a shoit undotoimined distance inland, tho lock masbea vac 
aiecked, biokcn, and tiavctuad by naiiow fusuies These oflocts glow mom and raoic 
numcious end of gicatei and gioalci megniludo until, a short distance noiLh of Muasol 
Rock, the fault k looclied A shut distance south of X Sheet, a small, substantial 
home dwelling, budl upon a good foundation undoi tho chfla by the beooh, was almost 
ovutuincd South of this tlicic weio no stiuctuies along the bcaeh oxcepl tho soawaid 
end of tin Lnko Mciccd Tunnel, an hythauhe uch which was slightly btoLen, tho em¬ 
bedded in tho locks ot the Mmoed foimatum All along tho fnocs ol those chile, much 
matpiial fell ci slid down to the beach 

CONCLUMOMB 

This mvcstigetion has eleeilv domonstiated that (he amount of damage pioducod 
by tho earthquake ot Apid 18 in diftuont pails of tho uty and county of 8an Fianaisau 
depended chiefly upon the geological eheieelci of tho giound Whcio the sutlaee was 
ot solid lock, tho shock pioduccd hltlo damage, whoioas iqxm mode land gieat violence 
wee manifested Othei things being equal, thine wen a docmaso of intensity fiom tho 
southwobl toweld the noitlicasl, ns the dblanoo fiom tho aono of faulting mcicasod 
Other conditions, howovei, evutod a eontiolhng influence Thcie was, foi instance, 
much gioala eonliasl, in tho dcsti uctive ofleote pioduccd, bctweun the summit ot Tele- 
gieph Hill and tho vicinity of tho Feiiy Building, about a quoitei of a mile apail and 
at piaotically the eeme distance fiom tho fault, than theio was botwoen tho damage 
piodueed neai the Feiiy Building and along tho trace of tlia fault itself (Consult the 
intensity map and piofilae) In this put of tho aono of deatiuotion, change in distance 
from the fault elnily did not mAiionoc the gradation in intensity, ao much as did ohango 
in the bhuaotu of the giound 


ADDENDA 

Svbndmee qf made land — 1 Hia nnatablo ehuaoter of the made land on tho watei- 
fiont of San Francisco has long been known This instability made ifoelf manifest in 
a piogiassive eubsidonce which, in the oouise of yarns, londmed it quite ditflcult to mam- 
tun the grade of tho sheets An effoit was made fay Mi C E Ghunsky, when he wee 
city engineer, to detcimine tho into of this subsidence, and tho following cxUaot horn 
hie lepoit ae city engined foi tho yeu 1902-3 ie not without lnhneat in connection with 
tho violent distmbeace of the giound caused by the earthquake in the uses of made 
land 

has iBU bren nude to determue the amount of unking u those 
unmoved portions of the city where subsidence hie heretofore been observed The lesult 
of this —twiwAiiim appears uom the following table, u which in also given the subsidence 
which ooeuRcd during the pi seeding year 
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E London ot iu'uiub utaulcncc on Hannon Stn&l bptmrn luuith jiuI hunth it the muiio 
thTGUk 

* Mean aabkiilciiea hum Biannnn soutbaly | Mean nuMtknic horn Biummi 10 Hoaaid 

1 No appiecnblc subsidence (Api 1902-Api 1903) except at Vallejo Sheet, wheio 
maximum orcuie 

2 No appieciable subsidence (Api 1900-Api 1903) except at Diumm and Euxl 
8ti eelx, wheie maximum occui* 

3 No appieciable subsidence lApi 1003-Apr 190di except at Minion Sticct, whoie 
maximum occui* 

4 Subsidence (Api l902-\pi 1903) ocouis tioin Main oanletly r maximum at Ea*l 
Sheet 

5 Subbidenee (Api 1902-Api 1903) occui* fiorn a point between Fourth and Fifth 
Staeela, as tar west oa Sixth Sheet 
6 Maximum (Api 1602-Api 1903 1 at Folsom Sheet 

Pouible piemomloiy monemenls (Miss H C Lilli*)-—Mi McConnell, a jowclei, located 
on Pant 8tieet between Montgomoiy and Keainev Sheets, states that 4 days before Lite 
euthqunke he tound one at his windows bioken in neatly 30 piecm lho none of the 
piece* hod 1 alien out, uul supposing that borne one had hied to cntci hi* shop, hr *ent 
toi a deteclixc Captain Qnlimden came, and on looking ova the piomixm declined that 
it wdb not tho woik of a buiglai but van due to the Bottling of the building Ho lound 
the building out of plumb Thu would indicate a *olUing of the giounil bcfoie the 
shock One of his woikmen who lived in the Mimion found his cellm door closed so 
that difficulty was expeilonccd in opening it Tins oecuued the eunr day as tliat on 
which tho gleM was biokcn 

Effect off the Junk item the beach (W D Valentino) —We wae- lesiduig on Foity- 
eighth Avenue, between K and L Sheets, within a few bundled feet of the ocean, about 
0 5 mile south ol the puk In out section the shock woe xiolent. It awakened me 
mstantl), and fa a tew second* I wab unable to im, as I was thiown bock m the eltmt 
Meanwhile I was laicfully watching the movements ot en extremely tell and heavy 
oaken waidiobc which stood almost in the middle-of the floor. The top first mi min g 
to the west, then to tho noith, then to the east, end fell dneotly to the south with such 
taco that it went to pieces Oui lioavy upiight piano and vaiious hoavj articles ot 
fumituie weie thiown completely ovei The sand.in our basement im*ed from 1 foot 
to IS inches A wide uul long 3-foot dcpession sms laiscd level Om lot, which wee 
120 feet deep, was dun toned at least a foot, which was shown by tho folding of the-feneft. 
Electsle-light pales in the stieet in front of us, which wae in the- eend, were thrown 
down ninth, east, south, uul wrest Theie wb*> a fi*suie for about a block, between 
FoitjHsevtmth and Fuity-oighth Avenues, about 3 feet wide and 8 oi 8 inches deep, 
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wluch wteof couiscin the band Tliric wimc also othai blow-liulis in Ihu sand, which 
emitted waloi and sulfuioiu odois 

Wctl qf Uie *hotk on the gni jJanl and pipe* (13 C Join*) — Thi! railhijuakf nio\ pmcnL 
was appaicntlv tiom noilli to south, inks mil liont llie tail llml Ixinkrnsi's anil chnu. 
closets placed oasl anil west wen* alinosi nivallaliiy lipl nvn, m (lust contents iluowu 
oul, while tliotiC plated nnilh and south wiio in iiiusl cases mulistuilx'd Clas-nuuiM 
in btiactb 1 uniting cast and wist win 1 Inokcn anil diawn npnil, while those m sins lb 
luniting ninth and south wciu ciushl lugolhei anil leloscniicd, oi rise inwd oul of llio 
giound in mvoitcd V'b This lull* applied genriully, with hut low ovcoptinns 

On Jachbon Sticol, bclwucn Diuiiint aiul Dnvib H licet*, whu.li is liiiuh 1 land, llie sheet 
main was laid on a lino of pilm winch went to hud [tan Tito piles weic luil pui|)usely 
dnven to sustain tlie pipo, but liapponul to bo in l ho line ol tin* mam when it wiw hud 
Tliib pipe tnolm ovei the cenlci of each pile, 9 in liumlim, and mas not bioken in llio 
made giouiul wluno it wob unsuppoilad 

Dunng tlio laLta pul of the fust shock, thoic was a totaling lnuluin which I tad tho 
oitcct of twisting gas-holileib oul of llicu guide fiainrn 

The tmoman of tho NoiLli Boaoh Station was looking at the 2,000,000-foot, storage 
hohlci, aiul dcsonboil it m follows 

On going to the window, I lookl at iho storage holdm, which was villi tiling like on in- 
veiLod pendulum, and wavei of watei weio coming ovoi llio wall ot the lank Tho mliof 
holt lei wns aimilaily oiteelod with watei and tai coming ovei the lank wall Tho bhi ultbety 
in tlie guden was bhaLcn alhobj a stiong wind 

Thisa two hokleib wcio heavily homed with lattioeil guilds, uul dul not loavo Uicir 
guides by Iho lolaling movement ot the cailhquako 

Tho slot ago holdm at llio Pacific Gas Imptovomcnt Company'll WoiVh was twislod 
mound 2 teal fiom the guide latls, while at Mai tin Station the l l . l M0 l 00(>-faol slot age 
holdei was twisted 6 loot on the lowoi section, 8 lect on tlie inukllo section, and 13 feel 
on the uppoi scclum At tliu plant Iho 4,(XX),000-fool genuintoi was moved bodily 
2 6 tnoltes to the ooulli All conneeliom weio of a teal, and no |oinLs won biokcu 

A liun at the Naith Bcaeh Station, comet of Laguna and Bay Sinaia, woa Jesting 
upon wooden uprights about 18 inches high Then uptight* weio lipl ovei, and tho 
bun moved the length ol the upiighls towaid the south, that is, nlUn thooailhqiiakoit 
stood 10 mohob on tho atrlownlk. 

The buildings at the diitmcnl plants dul not buRci oecoiding to then lclatrvo etiongth 
Some buck buiklmgu of eompuotivcly porn const motion weio unhumed. Othci builil- 
ings or gieat strength, with heavy footings on good foundations, wmu shaken to the 
giounil, puticulaily those tunning east and west, while buddings of the name oi loss 
alicngth, with foundations not so good^bul mnnmg in a duoction notlh end south, wao 
but little tnjuicd 

Effect on certain street rmlvnip (T Mollally) —Them does not seem to havo bean any 
actual shortening of the length of the stieet l ail way* of the United Raihoads of Son 
Fi one taco, but the mils in one location ttavded about 3 feet in a noithaly direction 
This location was m the valley and was mush land, beginning at a point about 100 yudb 
noith of Holy Crou Cemetery, who* the rads ported, and ending about 1,000 yojda ninth 
ot Holy Cross, when the roils buckled up in the air We had to out out about 3 feet at 
this point, and odd 3 feet whme it ported at the other end Of course theic was a deoided 
movement of the rails all along, in a lateral direction, which left the tracks out of sline- 
ment , but woe not enough to present operation of care 

This nnwriitinn would indicate that the fill in the marsh land moved in a nmtherly 
du action about 3 feet, but that the actual distance along- om line hoe not been appre¬ 
ciably changed 



EXPORT or TEH CAUVQBNEA EARTHQUAKE COMU1SBION 


Dtfa motion qf the U 8 Oomnmeht buildings — Foi the puipose of data mining the 
extent of the .Irfmnwfann 0 t the thiec U 8 Government budding* — the new Pohl-offieo, 
the Appiana* 1 Building, end tlio Mint— the Cuaet and Geodetic Suivey, at tho lequost 
of the finmmi—«m, dotoiminod on July IS, 1000, the lclativc levelb of the foui ooinois of 
oarh of thcao stiuotuies, u indicated in the accompanying notes and figuic* Tho level¬ 
ing was dune by Mi C IE Sinclsn The inetnaaiidum ol Mi Sindan's lesultB, which 
was placed at the disposal of the Gonunibwm by the Supeiintcndent of the Coast end 
Geodetic Suivey, n as follows 

JVflio Post-qffite — Fig 52 shows by numbeia the positions of the stations occupied, 
and the points at the cornu*, the idative kvdo of which wmo dctciinmtd, aio imlicalod 
by Hum oiientation 

Tho southwest eainei is the lowest ami n tho only one that settled matonally, boing 
about 0303 fool=4 72 inches lowei The outn anils have eiacks m many places 
This is a tauly good showing toi a bad foundation 

Bights neatly equal except at II, wheio backsight w about 100 feet and foicsight is 
about 300 tcct Stieot so low that leadings could not be mode any othm way Gus 
■ml diays passing all tho time Wind bad Bod Iiolil on cueuku molding (loaoi, 
} elide section) which was the lowest projection built into the wall that was common 
to the four exliemo coineia 
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Apptaueii' Building —Fig 38 shows by numbas the position of the stations oeou- 
picd, and tlic points at Ihc comas me indicated, as bctaie, h> thou annotation 
Tlio nathnest omnu is 0 000 toot = 10 BOB inches abase the southwest coinei The 
nmtheast coma is 0000 foot+0061—0003 loot = 11 550 rnehes alwvo the south¬ 
west coma The southeast earn is 0080 foot=0 00 inch above the southwest coma 
The lod was held on top of wstci-table at each ot the foui comas, and the sights wae 
ncaily equal in length The south side of the budding n about 1123 inches Iowa then 
the noith side 
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Mint — Pig 61 showB fay niimbci, as in tho foiinn cares, the positions of the atatioiib 
occupied anil the points at the oomeia uo indicated by thou onentation 
The soulhwcbt coioci ib the lowest, being 0408 foot=6 976 inches (mean) below the 
northwest coioci The walk on the ninth Mile aio badly scaled by the heat No smious 
narks weio noticed in Uni outside Tho tod was held on top of the wRtei-table at each 
exlaomo aoinm of the budding dtieet cats constantly passing on both Mission and Fifth 
directs, also heavy dinys The wind was vos tioufaJcsoms Bights whs nearly equal 
Hio ilelminalion indicated fay the abase measuiements can not be wholly refuted to 
Uic mu lliqiiake, since it n quilo piobable that the btiuotuire had settled somewhat before 
dial event It appeals, howevu, to be desnable to put the measuismentb on lecoid for 
luluie lcfeioncc 
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TBS BAN FRANCISCO PENINSULA 
Bi Hoderic Crakdall 

Thp di&Lubulion ot intensity in tbo San Pianeisto Pomnsula, south of Ihc city, was 
atudicd by Mi Rodeiic Ciandall, uiulei the duoctnn ot Piof J C Biannoi The follow¬ 
ing & Mi CiomUll'a lcpcnt on that teiiitoiy 

Foi a consukuatiou of the detailed, oflerts ot the eailhrjiiakc thiu the aica of tlio San 
Fiancisco Pomnsula, it will be convenient to divulo the counliy into two poll ions along 
the San \iulieas tault, and to subdmdo the aioa nutliaast ol that line into two puts, 
namely, the San Mateo distuct, and thu Meiccd Valiev 

TUB B\N UATDO DUTOlCT 

The ton ns of San Gnilos, Belmont, San Mateo, Builuigaine, MiUbiao, and bon Biuno 
aio included u the San Mateo distuct ThebO tonn all lie along the laihonil bolwccn 
Han Job? anil Ban Fianciaco, anil aic in almost a stinight lino, that ih, puallel to and at 
a distance of ham 2 to 4 miles fiom ihc San Aiulioaa lault They uo all situated about 
the name geologically, being upon llir Santa Clua Valley flooi jual at tho cast cilgp ol llic 
toot-hills of the banta Ciui langr 

San Cailo* —The ioik ay station at San Clulos, a low 1-stoiy atono building, was 
badly damaged, some of the walls king pmtly tluown down, ami the icst ot the budding 
nocked A luge flame house neai the station nan shaken fiom its cement toundalionb, 
and the toundatum it&ell was badly crarked 

Belmont — Bctnccn ban Coilos and Belmont, ovn foui-fifths ot the houses lost then 
chimneys, but no buildings wao thiown fiom then toundationa At Belmont a majoiily 
ot the ehunneya fell Bud's school anil olhei builduigs in Lhe ncighboihood of Behnnnl 
buatauicd similai ilamagea Hold's aihool is one nule ncaici the taullr-aono than Belmont, 
among the low toot4idh Thiu the hills west ol Belmont no narks noi big huulslulos 
sac louml, but them weio Bmall landslides along Lhe toad leading fiom Belmont to 
CiVhlal bpnngs Lake A tall stand-pipo on the hill -outhwest or Belmont was unalteetod, 
but it is a well-built sliueiuio, guyed with sue cablos, ami miglit anay wiiliouL falling 
Neu Homestead, in the foot-hills beta ecu Balmont and San Mateo, the buck building 
of the Cioekm Oiplianogo was completely lumcil 

San Malm — Ran Mateo showed the intensity of Ilia earthquake plainly 1 Almost all 
buck and cement buildings woio damaged and sevmal wcic ooniplotelv mmed (Meo 
plates 08 v, b, anil 00 v, b ) Many wooden stiurtuiis suffeied by bang thiown fiom Uicii 
foundations, while olheis woie sluflcd wilhcut mate 1 ml dumpi Neatly ovciy buck 
chimney in town was shaken down, vnth conacqiwnl damngL to the houses 

At Son Mateo Point, which is on Lite shoio ol Ran Fkinchoo Bay, cast of the town, 
Ion fiame buildinjp wme iininiuicrl Tanks 5 feet deep and 4 feet wale, which wise half 
full of watei, weic almost emptied by tho shock, the watts spilling to the southeast 
The alluvial flats aiound the (joint showed some binall ciacka, and thcio was a slight 
unking of the giouiul ncu the hay 

Accoiding to the man at the bootrliouM at San MAteo Point, tho wateis of the bay 
weie quieted by the shock Annthri mnn, who a as in t boat at the time, fait the shock 
but not my stiongly Hemal leiily heavy sliocl s about b o'clock that morning wcio 
not felt at all b> men on the waleih of the bay At a lumbei yud, nhmii half a mile 
west of the point, pail ot the whul was biokcn, lurnbci piles weic oveituined, and a 
chimncj fell 

' Src Robot tndciion ipipa on Ban listen and HmUntune m a lata put ol thiaicpoitloi siMimi 
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Buihngamc — Along the Imp ot Hip uIppLiip lailwii) hum Kan Mateo nnilhwtud, ninny 
of tlic poles wcie lutt out of a icilrnd position, most of them leaning townnl tin* liinlli- 
cast At the Bicwu Hcliool, in tin foot-hills, alxml rlup west nl Han Mnb u, hit Ip iLump i 
was done A tall, welLbiull tank-hnuM mnaiiml slaiuling, llui Hip 100 I limit iiypi it, 
a tiighl, fluiM fluicluio. was turned lliiu an angle 1 ol appiuxiiiuiUly d0°, but icmauied 
on top 

Tlio time wpie im huge blink buildings ninny ot llu* houses m thp vu mily ot Huilin- 
gamo wpip bully wieckLsl, due to Hie railing of e\lia linny chimneys lluu Uic inofs 
Buck walls grim nil v tell, unit si low and u*|)Prully well IniilL 
Ahllbiac — At Milllnae lime aie but rew Lmililmgh that could lie adopted by Hie shock, 
but the Imrk powei-liousc of tlic Kan Mateo elocliie hue was jinilly wi irked TIip liinlli 
and south walls fell, while tho cast and west ones lmnained standing The Inilpi stinxl 
because they weie held hy the steel tiussCb winch spanned east and west 
In tho viemily of Millbiac and Kan Biunn, it was round that neveial of the small piceks 
weio well fillul with dtSbua of vaiious kinds tliaL liad been biouglil down by on unusual 
flow of watm following tho ohock, and several dnya nllPi Hie caitlujuake the sbearns 
woie still cailying a small amount of watei 
San Bimo —Neat Ban Biuno, wheie the county toad nows a smell slinun, lime 
wno numeious eiacks in tho giound fioni 3 to 10 indies wulc pniallel to llu- lino of the 
load, which is N 35° IV The load at tins plaeo wan hudl B leel above Die inud flats, 
so that these nacks eie accounted fm by the witling of tho fill Time aie not many 
houses u tho vmnity of San Biuno Station hy which to judgo of tho inlematy, but in tlic 
few houses scon the chimneys had all fallen The iace-back builihngh nL Tanfoian, noilli 
of Ban Biuno, wno not malnieUy damaged, allho tho buikhngs anil Ideadlicn aio flimsy 
wooden abucluics Plato 07c ilhnkatca the oflcct of tho shook upon tho back ol tlio 
doabio inilway on the mush west of San Biuno 

■me MCBCBD VALLEY DIWFR1CT. 

The Mnrcd Valley disli icL meludea not only tho valley pioim, but also the iuea cnvcicd 
by the main body of the Mciocd sodimonls, horn the San Anihaas lault-line, cast hy 
Baden to South San Fianoisoo and along the nouthwest lace ol Lho San Biuno Mounlam, 
and hy the cemoleuca to the Ijifo Saving Station on lho coasL noith of Lake Merced 
Baden — Baden, at the south end of the Mot cod Valley, consists of only a faw houses, 
none of which shows maikod eflects ol the coithquako The book of Hie doobio bam- 
way line, just south ol Baden, shows evidence of intense distuibancc (Sec Plato 07n) 
The loadbod which was built up nooilv all the way hoio was cracked paiallel to Hie taila 
One mack vaiicd fiom 2 mches to a fool in width, anil extended about 1,000 feet along 
tho fillcd-m loadhcd Foi this distance the double backs wpip Iwislpd hack and foilh 
in a iig-iag fashion, and up and down to Homo extent One mil waa bcnL 2 lcet hou- 
xontally and 10 inehoi vcilicolly Not a Miiglc mil in this 1,000 lcet lemainrrl sbught 
oi u piece, but in no case wno the mils detached fiom the lies Most of Hip poles aup- 
poiting the plectiic wucs wnc thionn out of hnc Tho ties wne ahoved hmlt and toilh 
and fiom aide tn side, leaving clean, bail 1 places whoio they hail olid about 
The backs of the Southern Pacific Railway line, which aie paialld to the electius load 
in the vicinity of Baden Station, wcia slightly dnluibad but net bo bully that tiaina could 
not run ovei thorn The Sou than Pacific loadbod is much bettu ballasted then tho 
electiic line, became it la olripi and has become moio fiimlj packed, which is the icason 
that it was not rintmbed hkc that of tho elcctiic line This distuibed pattion of the 
elootiic line eontmues about 200 feet noith of a load by the Baden Station, until a out 
u leached wheue filling up was no longm no cca a a iy Tho eiacks were thus confined to 
Hie filled giound 
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Just ea*L of the station at Baden, whcie a aoek names the county load, them weie 
macks in the filled soil, and there wb» also evulencc that in this low pound the eicek 
had flooded a distance of 100 feet on both sides ot it* usual eouise At the timo of the 
fiist visit, about 3 days aftci the shoek, theie was moio watm in the clock than thtno had 
been the pioiioub week At this same plane, a stool watei-moin, buppoilcd on lieblle- 
woik, was wienehed so that it leaked badly 

At Big Fiawlcy Canyon a ticello eanyuig a 30-ineh waim-main woe demolished (8ue 
plate 100b) 

The electiie-eai line that iune to South Ban Flanciioo turns a light angle at Baden, 
fioin noithwest to natheast The tails noilhweat and thoso noitheast of the turn weio 
both badly bent On the noiUichl biandh the lull were bent into a U-Jiape, the base 
of the IT being to the noithwobt with a Mile thiust ol about 2 5 feel The lads on the 
nmthwfht end ot Uic line weio bent into a V, with the base of the V pointing noilheaal, 
the lateial displacement being about 16 feet Theao aio about 60-lb mils, and at the 
V-ebapcd bond mentioned the inds sue boksn m thiee places 

South Son Fieneiiee —15 mik» eaBl of Dailen, at South San Fiancisco, the inloneity 
was eonaideiaUly lowu than at the pievioudy mentioneil places Many chimneys foil, 
but no badly wicoLcd hou-ee woie seen M this place the eoinn fell fiom a now buck 
building, undci pioeess ot constiurtKm, anil some ol the other huge bick buildings woio 
Blightly clocked The damage at South San Fiaacuco was not luge, taken as a whole 
(Bee plate 07 b ) 

A hi tic maie then a milo east ot the town, theie uo soveiel tall bulk stacks, none of 
which fell Some weie enlnely uunjuicd end oLhni slightly aaekod, bit only uno, m 
fai as known, wa<* badly enough damaged to lequne rebuilding The bi ick sti uotui os aiul 
stacks at the pocking holies ilul not euflu maluially 

Some of thou buildings me elmobt on the San Biuno fault-lino, and none of them uo 
fu fiom it, so that if theie hod been any movcmonL along that line, them would cei Lainly 
havo bufleidl moio 

South San Fiancisco and the meal paokcis 1 alahhbhmuitB are on a different geological 
foundation ham the towns previously mentioned These places leal almost diirclly 
upon the old FiancMon looks, with only a Uun layer of band on top of thorn in places 
This makes a much fiimei foundation than is found at the otha plans, which uo 
upon a ooiradoiablQ Ihic knees of sand oi pave! 

The buckling of the liacka of the South San Fraxiaiaeo ear lino botwoen the town and 
San Biuno Point, whom the chimneys mentioned uo located,is ■ gmfinirt; of the «w«-n wtr 
in the intensity of the dioak at the two pleas The iaila uo bent end bioken m a num- 
bei of places, where* the liack aosses the marsh between the two The diffm- 

enoc of intensity is at i iking whan it is takan into conwdeiatun how olmo they era 
togethei 

From South Bon Fi annuo to Ben Biuno, thorn is a line of bg steel waJm-muns, sup- 
polled on a tieslle Same, where it masBee the mueh This line did not beak, but wee 
bent end twisted into S-ehaped figmes 

Noith of Sen Bruno Point, at the Southern Pacific tunnel along the bay shoic cut-off, 
no damago was done, except fu the sliding and settling of the ddbis u the newly fl HqA 
area 

Tka cmeterub —The Sen Bruno fault-line was followed all the way fiom San 
Francisco to the oeinetetiee Theie was absolutely nothing to any movement 

along that line at the time of the earthquake 

The cemeteiua between Baden and Cohna suffered vuy eeveidy bun the shook 
It was estimated that m Holy Cron Ctaneteiy f plate 96b) over 75 per cent of all tho monu- 
menta wue either thrown down or twated an their bases Plate 07a dmwa a typreal 
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cue of a monument overt hi own In a few cam monumanls were entpt oft In one 
instance a single piece about 3 inches thick was broken oft by the shock The uppci 
put of iho slab is in two pieces, tho the sccoml biesk may havo been made when Lho 
slab fell The stone chapelsal scvoinl ccmeteim wcio bully shaken and pailially wieckod 

Theie is one monument in Holy Cioas Cemelciy llial was composed of ncveial picocs, 
tho top piece being the figuic of ui angel Underneath tins angel was a small Llim pices 
of stone beveled to meet tho base of the figuio, and below that was a Mock of alxrnl 20 
inches squaic and 12 niches thick It was obscivcd that the washci and the K|nue block 
woie mveilcri in then positions It k stated that tins displacement anil inversion of these 
blocks sms oflccled by the csithquako If so, theie must have been enough upwud 
motion to thiow this block and wssliei high enough to turn completely ovci 

Thme sras no consistency appuenl m the dhcclion m which monumanls fell, llicy 
seem to havo fallen in evmy duoction 

The othci cometeiica all miflcicd about the same, but the pcioenlago of fallen monu¬ 
ments was not nearly so high u tho ethos as it was in tho Iloly Chou Cbmetny. The 
iea»on foi this diffaence in the numbei of monuments overlhiown is not apparent, tho 
soil of all them ocmctencs is piaelioally lho same A posublo lesson is that tho dUTei- 
enee u effects a duo to a diflciance in the depth of the sand upon the underlying look 
flora, and that there was a gieater depth of sand underneath the Holy Gross Cemetery 
Theie a no pi oof of this, however 

Plate 95 a and b illustrate* the wieck of buddmgs at tho Woodlawn and Hills of 
Etrauty CemetoncB 

On top of the gate puts at Holy Gross, them wen two luge ornamental stone bolls 
These wme fastened to the posts by steel iods projecting up into them, Lhcse iods, how- 
cvoi, did not hold them in place and tho balls weie both llnown down West of tho g&tcs 
Iho stone lailrosd station was badly wrecked, fully one-thnd of it being shskon down 
Between tho depot and Iho gates small lrineh watar-pipu, lunrung in a nrathcaal-south- 
west dnootaon, weie bowed upward and famed out of the ground In iclaying the pipes, 
they were not set more than 1 foot deep, ham whieh it a mfcricd that they woio probably 
not mate than 1 foot deep boftno the earthquake 

In fiont of tho Holy Chora railway station (plato 90a) the tracks of the main line of 
the Southern Pacific were slightly bait, but the lighter lule of a side track neu by worn 
much more daturbed. Around the station the giound had settled and theie won a 
number of eraoks, bran 4 to 0 rnohaa wide, hut these were probably duo to the fact that 
this giound had been fiflod in to get the leqiued grade far traoka and the station 

Landahdm —North of Holy Cross Station, by a little lake west of tho cemetery, 
there sras a large landslide along the roadbed of the Southern Pacific Bulway Foi 
about 800 foot the bed caved and m one place the west track was loft suspeodod in the 
sir West of the railroad there were large moke m the newly filled gtounds of the 
Woodlawn Cemetery. 

One hundred feet west of the Southern Pacific Badroad track is the deotne line of the 
United Railroad* between San Mateo and San Fnnaaoo This roadbed was alee filled 
m considerably far the required grade, and waa not as well nettled aa the Southern Pacific 
traoka, so it suffered more severely West of tlfe Holy Cross Cemetery, the rula were dis¬ 
torted and pulled apart 8 an 4 meha at the joints, due mainly to the dropping of the 
roadbed Poles were out of tiue, hot no wires were seen broken from tension or thb 
swaying of the pedes 

Northeast of Mount Olivet Cemetery than waa an earth-flow in the sandy soil at the 
base of the Ban Bruno Mountains The angle at which the mntanah did waa hardly 
more than 10 degrees The sand and water farming this abide oame out of a hole several 
handled feet long and 150 feet wide, flowed down the hill several hundred yards toward 
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the ecmeteiy, earned away a pile of lumber, and knocked the powei-house fium its 
foundations The Fiant of the mud-flow pled up in a bank when it leochoil the ncaily 
level giounrl, and dammed up the maoa behind it Tho eaith was h&idci scveinl weeks 
later than it must have been at the time of the flow, hut it a as still slushy anil thme urn 
null a little watei flowing along Ihe path of the caith-flow, coming ham a small spimg 
where the slide onginated 

On the west bank of a ctcek, neaz end paiallel to the line of the laihood souLhwcst of 
Holy (boss Cemcteiy, thcie was a ciaok sovmal hundred feel long This was along 
the hank neai the neck bed end was an moipiont landslide 
On die east edge of the hills west of the Chmoso Oemoteiy end ftamlo house, a line of 
eiarks extends foi a distance of about 1,000 voids These masks aie moiu tluui a foot 
aids m placeb, and there ib an appaieut downthiow on the northeast, m one place thme 
ih a long line of audit eaith, such a* occuis along the mein fault-line Inspection showed 
that these ciack* were caused by a slight landslide Tim line at crumbled, multi was due 
to the eaith above it on tho hilleule sliding slightly, and the mumbling lepiescnled a hnc 
of buokling of the must 

These macks are upon the top of a hill, at an dlevation of about 400 feel, thoii geneial 
ducctmn is about N 40° W, and paiallel to the San Andreas fault, and the hnc of hiUe 
here has the soma gcnoial tiend 

A lino along the east edge ot the bilk, then, would natuielly have the 'same bend as 
that of the mam fault A continuation of thae macks would gn to tho ocean thiu 
Wood’s Gulch, which is along ths line of a small fault, but no evidence could bo fouiul 
showing any viable movement at the tune of the late eailhquako There wuio aoveial 
laige landslides an both the uouLhwest end nmtheest sidee of the gulch, end at the ocean 
the amount of dnt that had 1 alien was vmy laige These things show a high caitlujuakc 
intensity, but thme n no evidence of ottiiu movement 
Tho coast north of Musset Rock — Along the eoael fiom Mussel Hock to T-»fa» Meiccd 
the section known as Seven Milo Beaeh pimaitod steep chib Horn 1 to 700 feel in height 
These clifts are composed of the beds of the Meiecd uiics, which are soft clay and sand- 
atones only paitislly consolidated Along tho fare of Ihoso dills the Oeaan Rlioie Hall¬ 
way had btaitod a grade at an elevation of about 800 feet above tide level Along tins 
bluft a laige amount of eaith slid down the slopes at the time of the shook T hu, raving 
of the banks a as due to the nature of the sod, the poximity to the fault-sonc, end the 
distuibanco of nsiuial dopes due to tho tailioad tmiaee neei the top 
In pteeea this dope toward the ocean was biangty, about to the angle of the io]ioso of 
th» matciial and the load bed was entuolv destroyed fm a diatanca of 3 miles 
On Apil 25, the wutm was on the edge of Hie chlls near Wood’s Guloh About 8 p sr 
of that day there was a (hock with an intensity estimated to be between VI ami VII 
At that time the eliftx shook like so much gdatinc, end it wee nccemaiy to hold on to 
peient tolling On the noibh side ot the canyon, hundreds of tons of oulh fell oven 
with thib light dunk 

Along the top of the chib largo mat ks were fmmed to a distance of oovmel bundled 
feet from the edge Many of there eiaeks wno a foot or even aa re 8 fas t u width, 
and small soaipe were often present, 4 or 5 fcot high and 20 or 80 yareh long. The gen¬ 
eral tendency was for everything tu slide into the oeean, but this was not always liuo 
Miniature eceipe of more than 6 feet were seen with, a downthiow upon the nwiii^ iit 
or inland side The Mciced beds, as a whole, were badly shaken, and biolm up all along 
the coast uection Neai Mussel Rock pait of the roadbed did foi about 500 feet and on 
the hillside above the load there was a long mack which was tho ha gmnnig of a giufe ih.f 
might have taken a luge part of the hill The direction of this crack was about N 45° W, 
which ib more toward the north then the fault-line at this particular 
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IjiLe Maced — About 6 miles north of Mussel Rock, whom Iho Mmccd hoik duappcai 
nntlci Kolian sends, tho disturbance Booms to have been (|Uilo violent An old isilioid 
Lieitle, that nows tho northern end of lake Mennl in the naiiouosl plnoo, was badly 
mi pc ted This budge was bioLcn in two plants, and the intei mediate picco whs out of 
line wilh both ends Tho duration of tlie offwls was vciy neaily duo noilh and south 
At one birak tho west prase was shoved 12 m 14 feet past tho oilier section Tho west 
end of tho miei mediate incee failed to join the section at the wnt lank l>y 0 oi 7 Tort 
Tlra mcbL section that lemsined with the bonk was horn 4 to fi feel lowei vertically than 
the inlei mu bale piece Hie ticsllo was ok!, limit of heavy bmbeis on a riuup cuive, 
and not in use, which will m pail nronunt hn itsdesliuotion Hieswayuigof Ihihbnrigo 
destroyed a soelion of it 60 to 00 feet long On tho hdlsalo whno tins lieslle leaches 
I he west liank ol tho lake, nsoles paiallel to tho shoio Ime suggest tho cause of Lbi> ilesLi ur- 
tion of tho biulgr The displacements lioio sie laigoi than any along lira main hullr 
Iinc, and it ia appaienlly enliiely kraal, duo to tlra slipping and nettling of the wosl bank 
of tho lake 

Upon following around tho ninth end of the lake to the rood that runs to the lib 
Saving Station, a line of tonarcotta pipo, abouL 8 inohos in diametei, was found Tlieie 
mas no laigu displacement found m this pipo, altho iL hail boot mocked at many pomth 
Thciu is nothing m these phenomena to show that Uioie wan a fault thiu Lhe Merood Valley 
Just south of the budgoamam lake Mound, a sand-bai was forred np out of tlra lake, 
horn water that was previously 6 or 8 fort deep This bar ia paialkl to tho west bonk 
of tho lake, and has a diiootion almost duo north and couth This was piobably caused 
fay tho same thing that wrecked tho bulge, that n, tho displacement and Bottling of tho 
weal bank of tho lako at the tuna of tho authquako 

IBP MPA SOUTHWEST OF 1KR BAN ANDBFAS FAUUT 

Difference of apparent mJsaaify on Ike two ndee qflkeJmtU —On parang horn the beds 
of the Memod ssi rae on tho northeast to the southwest ado of tho fault, dine is a marked 
difleianca between the distribution of small nooks and bttlo carihslules On tho north¬ 
east sido, m the Meiood beds, these nooks and landslides am summon, but on tho soutb- 
wesL side they aio cntudly absent Thih can hardly bo taken to show that thorn was any 
diflcicnoo m intensity on tho two auks of tho fault, it ■ probably the mult of tho diflm- 
enee in tho ohaiaotci and stability of tho laoka At othor places math of lira fault, but 
boulheast of the Meiood beds, this diflincnoo has not been nolraod, piobably booauso in 
that pait ot tho aica tho rocks am nearly all Fiaacracan 
On the south side of tho San Andicaa fault thorn are no towns affording an opportunity 
fin judging tho intensity of tho shook The giadatran must of necessity bo baaed upon 
unrathmg eho Landslides ocour both near the faultraano and at a dsdonco from it, 
undei somewhat similar godope and topographra comb tuna IL senns to bo a' fair 
assumption that a lanital idu is mdieslivo of a hi^i intensity 
Laguna Saluda Valley —In tho valley of Laguna Salada, tho Ocean Bhoie Railroad 
had a lempoiais trestle erected for ™^ T "g a fill m tho valley up to loquuod grado 
This trestle was twisted and thrown out of Ime, and tho earth sank along tho nowly filled 
loadbed Bimilai things happened to newly filled roadbods along tho west edge of tho 
Santa Clara Volley, near Baden and San Bruno 
Along the base of tho dhffie south of laguna Balada, then were ssvenl small shdes, 
same from tho fore of tho hills ond others m tho newly graded roadbed There were 
many email oracles along tho tope of the dhff, parallel to its edge, showing that tho face 
of tho bluff wsb shattered, and that more earth might dido One kg rock 
which had been left above the roadbed as a landmark, and which had seemed a little 
dangmaus before, was shaken down 
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Cetera Valley — In Calem Valley the shock was severely felt by people in some small 
iempomry shacks South of this place, in the San Fedio Valley, two old wooden houso, 
showed no etiuctural anil only one of two buck chimneys mas tluown donn 

San Pedto Point — Fiom San Pcdio Point south waul toi about 15 mites, the chili 
nsc to heights of from 4U0 to BOO feet Tho railway ooinpanv had cut a bench foi its 
roadbed Bmeial hundred feet above the ocean This load bed, being laigclv in mlul 
nek, was foi the most part not much injuied, but in soino places it was oblilciaieil by 
took dates that came fiom above 

Just noith of the point known as Do\ il's Slide, thmo was a landslide of the whole face 
of Uie west end of Montaia Mountain It slniled at about 800 feel alxne I lie sea, and 
swept down canying many bundled feel of londbcd along with it The inalciial UiaL 
slid was sandstone and gianite, but it ocemcd to be much wcathciod and softened in 
(daces, so that it was loose giouzul 

South from the Devil's Slide to tho fust isnall ooasl vollcj', there wore lamMulcs along 
the difla The lock in thh sicimtv is inassne giamto, but tlic land-lidis sliawod that 
the rock tia<l duuxtagiated foi a considerable distance holow tho suitacc and the slides 
weie m this d «nmp«Bd lock Wheievci the isilwny bed was filled oi builL out wiLh 
this mwtni 1 * 1 , theie was moie a Im slnhng and sclLling, caused by the caiLliquakc 
Monlam Pont —The bid, low buck stiuotuie at MonUia Point did nut show any 
effects of the -shock, but theie mas come damage to a wooden (ank-luiusc One nl tlic 
tanks, which wbb picviouslv known to be old and lotton, collapsed cntuely In tlvjaid 
of the kecpoi is a concrete walci cistern which hoick ova 0,000 gallons, mul winch is set 
flush with tho giaund and piolocled wiLli an non covci Lhat two niun can hanlly lilt Al 
the time of the ebook this tank was ulmosL full and had Uie covci on Tlic viotenro of 
tho shook web sulheient to tlnow this oovoi 10 m 15 feel, and spill about 3,000 gallons 
of the waUn m all dueetions 

The obsei vat ions of the li^it-houso kcopoi oil consuloiabiy at vaiiaiiLP with wliat 
some people have said icgai ding tlic hchavioi of tho ocean at the Linus of tho coi llujuake 
Many pereana told of waves that hail idled high up on the olifls The kccpci lepoiLs 
tliat dunng the actual poiiod oT shaking the ocean was Hinootli, without even Uie oustoni- 
aiy motion Ariel tlie dioek hod ceased, it was pci haps half a minute before the calm 
was broken and the legulai swell began lie icpoils that he was upon Ins leel al tlic 
time of tho shock, and altho used to bouig on ship! mini, ooukl stand onl} with great 
difficulty 

Thia testimony ns to the appealancc of the watci is almost tho same as tliaL or lire 
light-house keeps at San Mateo Point There was no evidence anywhere along tire coast 
to show lhat the wain zoao above lido-lovel 
On the southwest face of Montaia Mountain, ncailj all of which is vinlslc fiom the 
load, no landslides of any sue were obcavod 
Landahdee —South of Miontaia Poml, m the low foot-hills nortli of Half Moon Bay, 
there were two laige low-englo laiuldulcb ui cai lb-flows One of these landslides woe on 
the low foot-hills faemg the ocean, the othci an tho noilheasl bank of Fienchman'a 
Cieok, aoveral miles northeast of Half Moon Bay 1 
Fiom Half Moon Bay to San Mateo, theie were bcvorol laige slides of diffcienL uhoiaolci 
from those alieady mentioned These resulted fiom tho dipping of large masses of 
rook, many of tho fiogmcnls m one of the slides being ovei 20 feet m diamotci (Sco 
plates 124a end 126 b ) 

On the south face of Bcaipei Peak, and an tho sonthwest face of Or Hill, there wore 
Bcveial landslides both laigp end smell No photogiaphs oi the lugei sluice aic available 
About 4 miles east of Half Moon Bay, just oil tho south edge of the Sen Mateo dicat, 
theie was another large eaifliHdida siuulai to the two already mentioned 

‘Then am dcKtibod by lh R Andiron in Uip votum dealingwith EaztMlows. 
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PUatalM Canyon — In Pilaicilos Canj on, the slum? thin oT Ihc artificial lake was imm- 
juicd and the fluino down the canyun spiling only a fuw leaks Mi Ebii|dit'e house, al 
tha lowm cnil of the lake, latA two out ot thica elnnincys b^ Ihchhook Hio apiing wata 
at Una (dace, which is used toi house supply, h said lo haw been milky-whito duirng Ilia 
day ol tha eaithi|uake Tins canyon is nuulc In rate of the laigu faulta mentioned in 
the fiist pait ol the papci If Llicio liail Ixmi any iiioveiuent along lliib fault, it would 
have boon shown nL the darn which ci oases the canyon aL a iigfiL anglo to Lhu fault-lme 
CakilFb Ridifi —Tins lange or lulls fuiuts lhu northeast hula of Pilaidtoa Canyon, 
and ib tho second iidpi noulhwcsL ul Ciystal Spungy lake, with the aaino genetal noilh- 
weBt-bouthcast trend On the Lop ol this ndge, a Miiall liouac lost one of two ahiinnoya, 
and things msulc weic sliakcn aiuund A table is said to liavo hltod enough foi dishes 
Lo alulo oh 

Juat southeast of tlie house is a dcpicbsion in ihc ndge, aoiovj wluch fuirown and eiaekn 
foiincd aiinilar lo Lliusc along Uie nuun laulUino, lint not extending mote Ilian sovaal 
hundiod foci Then aacks do not bceiu to havo been Wklwiw cracks, Dm they are on 
top of the ndge and on a flat piece of giound 
Anothci peculiar phenomenon was obsciral u|mi Cahill'b Ridge, lev than 1 nillo noi Ut- 
woat ol tho naekb mantionnl In an aica ol lnuoatano, a small patch aomo 80 foot in 
dianietci was torn up as tho it had been plowed and haiiowcd, and no laigo picoca of sod 
weio left mlacl. Aiound this m vuioua places wcio macks of a few inchin in width, 
with one or two over a foot undo Thoic waa a digfrt downthiow on the uphill aulo to 
be noticed in aomo ol those cracks, which eliminated tho possibility that they wci o creeks 
piepaiaLmy to landididmg 

Saniya's Ridge —On Sawya’b Ridge, about 0 miles north of tho region doscubad an 
Cahill’s Ridge, there wore naeka aevnisJ bundled loot long almost at tho top oT tho iidgo 
These were parallel to tho lino ol tho main fault, which in a mile to tho east, ami tha o was 
a maikod downthiow of from 2 to 3 mohoa on the southwest ado, which in this cam waa 
tho uphill aide It the downthiow were an tho downhill ado, that it aauld bo possible 
that them were laiuhlido eiaeka Tho exact aaino m mode of the fat motion of theso 
oiocks, ai tho breaking of tho giound an Cahill's Ridgo, a not door 
In tho oanyon between Sawyer’s Ridge and Sweeney’s Ridge, a 2-atoiy wooden house 
did not auftn much, and out of 4 uhimncya only 2 were cracked Qno of thoao that 
remained btanduig was a tall top-heavy chimney of buck, tho othei waa mly a tan pipe. 

At Byrne’s state, on tho Half Moon Bay load, half a mile west of Crystal Springs Lake, 
it was ropoitcd by tho kccpoi that tho watci from their apiing, an the day of the shook, 
waa muddy and waa not tasted On tho second day after the earthquake, it had a very 
Baity taste, but an tho thud day was numal A house on tho notthwest aido of Half 
Moon Bay read, 2,000 feat southwest of the dam, was thiown from its foundations, 
while some 200 feet noithwcst of thie house there wee a dide m tho oanyon 

CONCLUSIONS 

There was no difleranea of intensity oo the two sulcs of San Andreas fault-line 

There was a decrease of intensity an both odes ot the faultJino.aaone goes awayfrom it 
Tho dietaibutum of mtensity been no evidni lelatum to tho miner faults or structure 
of this aica 

It is evident that tho intensity vuics with the gedogy, or with tho areal distribution 
of rooka and sods 

Tho areea that Buffered meet eeveiely were there upon filled pound 
Areas upon marshy pound showed deetruetave effects aumlar to artificial filled 
Next m mtensity to areas of filled land are those upon mobhermt sende The damage 
m sandy anas was due paitly to tho diakmg of sand like jelly and partly to eetthng and 
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Anu **■* eufteied least wne upon took of sonic Lind in (dace 
Towns dang the west edge of tho Santa Clara Volley, at equal distances fiom the faults 
line and upon eimilai pwlgp-l famotion, showed the same intensity 
The wateis of the bay end of the ocean were quieted by the shock, anil theie was no 
paeeptiMe tidal wave following the movement 
The shook wbb not felt sb stiangly upon the waters of the bay eb upon the land ucai bv 
Theie was an unuuiel flow of water m the eieekB chaining into tho boj neai Itadni and 
Man Biiino, duectly aftei the shook 

Hie Hnafjnptinn of buildings and the diatuibanco of isilway load bed* and tails was 
much imo violent thiuout tho aioa oovued by the incbheient Mciccd bah than on the 
plHm hold lock m the ad|aining aieas 

Theie wns a laigo amount of domagp done m the cemeteitea, which aie on Julian sands 
A laige mimhm of the monument** foil at the ccmcteiie*, but tlicic wan no consistency 
in the duration of falling to show the dueotion of motion 
Motion m moie than one dueetum wae suggested by monuments twisted upon then 
bases Veihcal motion wae shown in one monument which had the uppci poitiou turned 
upside down 

warns by othch oBsenirns 

San Mateo, San Mateo County 1 M 1 Maxwell)—At the time of the r-hock Mi Maxwell 
had led a hoise out of tho bain to give him waiter He fust heaid n heavy mnililo, which 
ho took foi thundci, coming fiom the northwest This was followed by n wn\y motion 
of the giound The eaithiascand fell like the swell of the tea, tho wnioi lieing about 8 
toot high A watei-tank about 30 foot hightiptovm to the southeast so ns to tin uwwatei 
out and allow him to look into tho top of the tank, he being 75 m 80 icet distant Hie 
tank swayed bock to its place without falling The two wave motions woiv lollowcd by 
a Severn shook, so if the waves from tho noithwcet and southeast met suddenly malm 
him Both he and hie hoiso wmo thiown oft than feel The hoi'o altomplul lo iun, 
but oould not an account of the violent motion of the caith 
Redwood (E C Jonas) —The mains of the gpa plant aiu all of steel and su(lined no 
damage The gus-goneiating appaiatus was moved seveial inches on its Inundation, 
and all cast-nan connontinne weio mote oi less damaged The buildings, being ol fiaiuo 
and oonugated non, were not uiioualy damaged A 20,000-root gaa-hddoi in a icdivood 
tank above ground wan completely doaioliahad by tho earthquake The shock seems 
tu have boon particularly aeveto at Bed wood City, end the bodot settings at tins station 
wmo badly damaged, while at Baa Mateo, 0 miles distant, the settings worn uniujuicd 
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PART TWO. 


1S0SK1KHAI.S: lMKTHlllUTlON W AIM'AJIKNT INTKNSITY—HINTINUKD. 

ASIA or THX SAETA CRUZ QUADRANGLE OF THE U. 8 OEOLM1CAL SU RVEY 

The dialiibulum of inlmsity m llie aica ol Uiu Suila Oiuz Qmuli angle won studied by 
studenLs of Slnnfaid Univeisily, uiuln ilucclion of Piof J C Hraunci Tlir cuii- 
liibuioia to data embodiod in lliu> pail of Ihc irpoil aiv Mown 11 V. Aiulcisoii, II W 
Boll, B Biyan, R E (Mom, R Ciondoll, P Edwauls, II P. Gage, F Lano, 11 Muian, 
R L Mull, A F Begem, S Tabci, A F TuggaiL, P. W Tumei, anil G A Wiuuik 
Slanfoid Urueeitily (J C Bionnci) —lldcumg lu Ihc poup or dwellings MmllicnsL 
ol the Univeibily quadiangfa,lluio wuo 01 lesidpneoh on Uic (Biii]him uT Slanruid Um- 
von>ily at the lone of the oaithquokc Out of 140 chimucyi un UiChO lauldings, 104 
weio tliicwn down, oi 74 pei ccnl The pla^loi was gcncially badly biokni on Lius fust 
floats of llieae buildings, and less injured llio genci ally mere oi low uaokod in Uic scrond- 
flooi looms Al No 18 Alvoiailo Row, Gist Gobi, suveial pulum 18 uiehn amoMi, and 
luuigmg by ooidb 4 feet long, wmo uwung do lai llial they won* left with then faces lo 
llio wall On the coiner of Salvation a anil Agncllo Sired*, a liame building occupied 
by the Chi Psi Fiolemiby wan so badly wrecked that it hail lo lie abandoned The 
iiijiny done thia building wu duo lo iLh having blood upon posts 1 loci high and nut well 
Inai «1, Uic swaying of Uic building Uiura il oil Lliese suppoi ti 
heniileul J oi dun's utiuleiice, wcsl ol Uu 1 quudi angle, luul 8 IhicL (luimicys, nil ul 
which wcic Lhiowii down, Ihc plieili i was so bailly iiijui i d Uiul Uu* fust Himm , I lie n dings, 
and |jniL ol Ihc suumd flooi luul lo be icjilaslciid Him budding icnleil upon h Inn k 
Inuiulatiiuu about 4 loot Ingli 

The Slanloid icsulcnec, a mile noilh ol Uu quadi angle, waa ho bailly wicohcd Uial it 
lias since been loin down Tlu oiigual budding was ol bnek, and wooden ailditioiin 
luul been built on Ihc noithwcil and southeast aidca uT the bnck pot Lion The additions 
slooil upon wooden upiighta 4 fed in longlh Hu eouthcaaloin wooden addition waa 
Lluown horn its suppoifa and fell away bom the oldci biuk pot lion The biiok poilmn 
of the stiuduio was badly ahattmed In the pounds and paika aboul the nadancu 
thoio weio many maihlc and bionsoslAtuca fiom 4 5 to 5 fodhigh, btanding on pcdcslald 
fiom2to 4 fed hitfi These wmo all thiown clown, except a fewthat wciuvotysoouicly 
bolted to heavy pedustals Thoic wab no uruloi mity m the dnodiona in which they fell 
Between Uu Stanfoid lesidenco end the museum, a huge 2-stoiy biiok wmay had 
the 4 gablo endb Uuown down The noithwed geblc foil into the building, the south¬ 
east gable full outwaid, wbdc the gablas on Uu noilheast anil boulhwost sides tell outward 
Mi Chailcs G Lathi op's tendance is not on the valley flooi, like the othci buildings m 
llu immediate vicinity of the Umvcnuty, but stench on a hill of sandstone neatly 800 
fed above Uu level uT Uu bey Out of the 4 bi 10 k chimneys on his house 2 wore thiown 
down, 2 water-tanka S3 fed high (10-foot tanka on 43-foot supports) wmo not injured, 
but about two-thuds of the water waa thiown from *h«w" 

Profeasor Dui anil's house, south of Uu quadnngjta, u on a hill 180 fad above the bay 
and stands on Uu upturned edges of pavel beds that underlie the Santa data Valley 
Ui 8 uhumuya, 2 weie thrown down, and the piaster waa eraokod on the pound flooi 
Of Uu Uuveiaity buildings proper, some wmo unhuit while othcis wue eomplutely 
wicoked (Sec plate 1U2 h ) Hicy all htaml ii|nm the luohe gravelly loam of the Mania 

ui 
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dill a Virility flooi Asaiule, the ddei the building? wcic the butter the} withstood the 
slunk Much, damage was dona by the thiowing down of btono ohimnci s The 150-toot 
atone uhininoy at the powoi plant was thiown down, Hushing put ol Hu. boilci house 
>uul killing a fueman The double-flued 00-foot chimney ol the atony laboialoiv fell 
The luge atone clunmoya of the daumtance weie bioken oil at the loof edges and tell 
mto tlio buildinga At Enrina Hall, thk men’a iloimitoiy, one ehinino) fell Lhi u the loul 
uul euiied down atiei of iooin& uto the basement, killing one student H 10 south ends 
of the mng» of Enema Hall weie so badly eiacted that thoy had to be cntuclj lcbuilt 
It wna found that tlio nijiny done to the cnila of the wings web due to the i datum ol 
Hum poi ticulai walla to tlio 100F benina Exerpkng the aaoking of phnloi, Enr-mii iTa ii 
was not otlioiirac mjuiol, tho it ib a 4-sluy budding, with Sn*r-p«cnt «m«l allio 
Tlio oluuinqyb also fell fiom Roblo Hall, the women’s dotmitoi y, and did some «lnmng» 
to the loof uul uppei float a, but tho budding, winch ib of conoietc, was oLhoiwba unhuil 
Tho Ghoimstiy building had 32 tile-hnod atone yentilating ohimncja piojcoting 12 in 
10 fed above tlie loof, baaidoB 2 oulinuy etano ohiranoyB, these vrato all thiown down 
Tlio btono towei of -dm chuich was shaken to pieces, and in railing deulioyed the pails 
of the ioof iminuhalely mound tho town The nnith gable end ol tho chuich was 
Llucwn oulwud into the qunriiangle. (Plato 103e) 

Tlie top of tho momoiuri udh was biohen oil down to tlio uppot pail ol tlio hieie, and 
in tailing it wiookrd adjacent poiUons ol the uoarios to Uu* cut and wi*.t (Plato IOJa) 
Tlio puls ol the uch lolt blaiuling wmo (.locked The 2 anudloi uchcs at tho cast and 
weal ends ot the inuia quoili angle weie slightly narked «mi tlio top but Lliuy wuir not 
honously dainagrd. 


oesideb the dunogee to the chinch end the mrinouel urh, Ihn most boiiuus ui|ui} In 
tlie quodian^e gioup of building, was done Lo the Inigo btiucluiee The L-slmy 
building!, especially Lhobc that hail bum standuig for sevual yoais, weio uul damngrd 
beyond tlio uceebional uaoking cl plasUs, and even in Uuno aasc-b tho injury wus louml 
Ln lio durotly ielated to Uu* inrtluxl ol suptuuluig Uu luuh upon tlio walls 'Hu* Htuluiti 
ui the liouL lai,adc wmt dislielgnJ uul uiio was Uiiown down (Plate l(JOu) 

Tlie l-slmy buildings in Lira units qiuuli<uig|i> hod nil Ik mi lately jml up, mid Liu**- 
wuesoinrwiul Marked, tlio nuiiuul Uu m wan waiously hull Tlio marks weie gouuially 
ibout tlio tsulb ol Lius buildings and along tlio lops ot the wallb wliuiu Liu* iouL tnuboie 
lestod upon (liciu Tlio luglici buildings ot ihc outer qwuliangle ncio uuno boiuiusly 
iLumognl, rspcriully tlioeo situated on tlio eainms The® buddings air all tluuualoiim 
ami bisoiiicnt Tlio lowwe on tlio msido ooinoib of Lhoao buildings wrir all inoir or 
h-v. biukcu uul nuiuiic lcbuilding Tlui Civil Engmornng building— liner sluiios uul 
I use maul—at tlio bouUicnsl coinor of the ouha quadianglo had its outci walls bully 
uackod, Pbpeoially on tlio noilh taco, and about the towei at its noiUiwust oomrr 
Inside the plaslci wu tajuiod moio or leas all thiu tho KmiHing 

The Geology building, at the southwest comm of the outer quadiangle, was the la^L 
building of Una goup to 1m pul up It wu a May atiueluio, and had bnidy hern 
finkhad, but it was nol yol ocoupird when the authquako oocmicd Soelions ol Uio 
walla weie thiown down fiom evoiy fare of the building These bcelions o\1 ended 
liom thr oaves down to the second flooi The lower at the noilhcobt coinn wus bulb 
eiackod and put cl it fell Tlio plnatci was biokon on all tho voitical walls, both on Uir 
oulvila walls and on the puhUons, allowing that thoic wu much mtomal wicnclmu 
ot the building The walk of tins building will all have to come down and bo lolnull 
horn tho foundation iPlata 1H3 a ) 

Tlie inneiaicades or Uia qmulmnglB wmo not much affected At one placo on Lite 
south bide of the momoiiBl oomt, wheno tlio ueados ur nut duct ll\ ooimecLod wiUi auv 
..tliu building, they weroao violently swayed that they arrm to Iwr come neai folium 
iliqr won* Inund to bo 7 75 inehm out of alinomonl allm tho ruthquakr, and llio lous 
uml I KIM'S ot tlio supposing stone columns wene rhipped oft (Plato HKin) 
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The aicado along tlio aoulh bide of ilia ouLul quadi angle UiaL wo* not. duuclly pnimr. ^ w | 
wiUi tho ollioi buiUliiigi wob completely wu-ckiil The nicmlo in fiunl ol ihc Flench 
building on (he oabL ndc and a ruucspoiuling piece in fiunl ol (lie PliyoLs Inulduig on 
tliu webl bide ol Ihc oulu qundiaiiglc wine Ihiuwn iluwn South of llie Ihimik olhee, 
parts of (lu 1 outci aicmUs fell Tint is on Ihc nisi Mile of llicquuiliunglr Polls also Lcll 
south ol llie Miiunnlog) hu tilling, on the went Mile* ul (In ouLci 411 ulinnglc illile I (Hi A ) 
The oiciulu. ntouiul (lie luciiioiud waul me onlv lmilly in ihnx.1 ciiiniiflum with I null Imps 
Tho fieo puiLuiib appeal to hove waved so Ini out ol (ho leilunl tliuL Hu* Ijoltnnih ol 
the alone columns supixnling Ihi* aiilici wuu rlupiiciL nil, in cinched nl lluni liases 
Tho 2-stoiy wouilwuihing simp ol Inuk, buulli ol llie qiuuhuiiglc, was bmlly ilnmngnl, 
und the fuigc building, next to il, also of Irnek und 1-aloiy, was cincLcd 
Tlio uheinicol labmaloiy, a new sloiu^fnccd ImiUlmg (two slums, allic aiul Inscuicul), 
wus so bndly ciaekod Ihnl most ol llie walls liavc lo Ixi icliuill linin Uu a louiuLilum 
Tho now gyiniubium, a niono-fneed biuk buikhng, was UiLiilly wicrked (Plate 
104.U ) It had juhL liccu pul up, aiul the inside work was not ycl (misluil Tlie new 
libiaiy, aKo a hlouc-larod buck hliucluie, was iianplclely wicckoil except a luwei of 
sled on which il* loulial dome slill atamli ll’Ialu 104a ) This liuiklmg luul pisl been 
pul up, niul was not ycl (unshod on llie uisnlu wlu>n Ihc emLhi|iuikc oceiuiwl Tlie 
Miisciun building consisted d an uldei cculial ]»ilion Inull ol conciclc, and extensive 
additions of Iniok luul |U&1 been eomplelod The new buck poi lions ol llie liuiklmg ware 
almost ull lluown down, bill the oldor conoiulc pail wnn unlnnl 
The ornamental stoiu. 1 gateway' uL the enlianco lo the uunciMly gmumbi, near l'alo 
Alio, was Ihiown down (Plato 101n) 

Tlie wntoi-tank at the Faculty Club-houso was wicoked aiul n wain-lank in llie fields 
east ol Alvanuki Row was ovoi thrown Tho loigo covmod tanka west of the slock I aim, 
hostile Uie county toad, worn not lluown down, but much walci was spilt ham (hem 
Palo Alio (A F Rogom) —Tho most mlmoBting uflects of Urn eiulhquakr in Palo 
Alto wmo Ilian which allowed movomcnl of builihngs nml tluro winch gavoeviilenco of 
twibting A numliei of buddings moved towaid tho southeast 1 to 0 inclica 01 nuno 
Sumo buildings wme left out of plumb and usually they wmo inclined lo the soulhonsl 
In oUior eases, buildings collapsed aiul fell towaid tho southeast IL nhould lie lomarkcd 
that inoctically all hoiaca moving to Uie aauthaasL woio llioso ailnalod on Uie slice!* 
lunnmg noilhwcalrboulhaut Voiy few buddings on tho a\onuos (lunnmg noitlioasl- 
aouthweat) woio moved at all The moved buddings bland appovimnlnly at uglil anglea 
lo tho faullduo aoulhwcbt of Stanloid Unrvcisity 
A change in the (Inaction of fho oaiLhquako mmomcnL m suggested liy tho fact that in 
aovmal oasos the chunnoya wmo appaiontly Iwiblcd fiom Lhoir noimal posilums Tho 
aazno is hue ot bovoial houaos that collapsed Tho twisting was ulockwise in somo 
cubes and countm-clookwiso in olhcis A tcinaikablc uiso or Iwishng was shown m tho 
house at 727 Cowpoi Rticel, whmo pictmo fmmea wmo tilted horn the nmnul poM Lions 
Chimnoyb wcic mostly knocked down, those that tcmainod atandnig hoing lui tho most 
pail in tho conlms of the houses The dncclion of thou fall was appaiondy accidontal 
A oinloiib case u> that of tbice 1-atoiy home houses, exactly alike, at 817, 823, and 
320 High titicot Hie chimney on tho house at 828 lemaincd btandmg, wlido Urn 
chimnoya on tho othci two houses fell 
The data upon which these conclusions aie hased follow 

737 Chamnng Bnall onr-sUny fkunia bona withoub foundation, chimney standing 
MB Webater Onoaton fauna houae with Hood foundation, chimney atanding Chlmoc>i wire 
thiown Ikon the two ono-eton fauno hum not to it 
131 Uiddlehrld Too onMloiyshinhlo horn, chimnuyi atanding 

437 Uiddlolleld One-stoiy bouaa, emmaqr in the enter ol Uie houa itood Noxt rion, annu kind of 
home, ahimnoT nt end of boon Hi 

067 Hamilton One nod imn half ataxy fnuna houea, ehiauuy m center of houae itood, wlulo 000 at 
■da of houea fall 

M7 Hamilton Tno-atmy fkamo houea, duomoy utanding 
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Hamilton and lfiddtaMil Two and one-half Usrr fiama hinua, itaBH)ihtudiii| Chimneys down 
in hanun around it, both ono-abny and tao-thny houwi 
IBB Lytton Yonr email fauna haM mini out. foundation, dummy atmding 
Hawthorne near wuverly Sevuol email bourn, chinuuya m ocnbLr at bourne mamliiig Endo ohimnavk 
on ■nail lmuam neiam tho ilnet from thoe wore down 
171 Cooper Tinyono-ctoiy iinua houia, chimney on aide of bourn atanding 
>17, 111, and BIB High Btieot lhtaa onL-atoiy Iiano homo owllydike, and chnnnuyi in ume dob 
Horn on houa Ctamnqy nf UB atandiog, Uu. other two down 
dlO High One and oue-hnit atoiy noun, ehunney in center atandmg, one on aide down 
Kinmdgr end Bryant Tno-etoiy etuoco home, chimney «i«««iing No doinege 
Un Warmly Low oim-atmy ahipgle houea, nUhu high ahunnqy aUndrag 
Boyra Akbin Tno-itiny rnther low homo home, chimney 

Qulnda Btieet Too liamc hamne ana UMtoiy, othci two-etocy, dumneye ■tnmimg ctumnnye fall 
fiom bounce on both eda 

Hamilton and Fulton One and ono-hilf etoiy (rune houeet creekod but Vay 

■nail bouee nnt to ih ahimney down 

ABB Hawthorne On ind one-half atory hauaafflutataybiiak), appmimUy no damage ovoept dummy 
down 

BA7 1Uvilla Two-abuy riucoo bouaa, ehimncva all down 
Foieat Court Ono vay low frame hoina, ahiuuicy down 

RHN Homer. TwUHiloiy double itueeo houM, plantar digblly narhnd, diunnoya down 


Evnmmira or Twiarnro 

1110 Bryant Small ftnn etmy fkamc bouee, chunnay at oentn of hmae Iwiatod dighUy i»m«i«.d iHh. 

131 Emerson Bmoll ono-ateny faunabouaa. dumiiqy in aontu touted dockwiao 
Wamly near lytton Tha Palo Alto Acailomy, on old Iwootory (lama house, wimpiMfi- uniin—H 
tallinglowud UmnonibcnaLandappuently twiitnl BDunlci-aloalnmo 
.nearoniraaty Avn Two-btmy flame harne waa moved off iLa foundation toward the ujulli- 
mml n*wi touted tlnekwiao 

711CnwpLi. Pictures on walla, >>nmc remained ati night, otlian 
—■■ wcie laiatad ea ihown in the akotcli, nhowiiig too four 

walla of the 100 m Iho pralines on tho northnat 
and aouthwcaL wnlla i m ohamvod in ono roam and 
thane an tho noitbweat wall in another room (Hnn 
4g BB) 


A 


IT 


,<0 


I 


4__ 


£ 


f\ 


UormiBiiT or BmLDiNaa. 


ind 


017 Warab Two-ataxy fauna houao high above Um groun 
ana icalmg on brick foundattan, lower part oThoui 
moved toward dm aoullicaal no that it had to bo 
pioptup 

711 Cooper Ona and ano-half atory Ikama hone laA off Um 
pound, • uidmu out of phunb m rear 
745 Cooper On and ono-tadf alocy fiame houm high off Um 
ground, aamul mebea out of plumb 
BBS Bmomn Two-tony Ikamn bouaa. Brat atory moved 9 
fadma toward ■mUmaat 

—-- ABB Alma Onc-toxy stable moved a UUlo to tiio aouUunaft 

fto a — DmgnMtmmta|iluplaeemiateI UB Bmamon Two-etory fiema houm auvaml fool above Um 
pnuimanaalkoliaoma gionod wan moral I foot toward Urn mUw t and 

oat down on the ground 

l a i a dnw Bnilding, 961 High Two-atoty Ikama building, mould toward Um ■mUmi — —i 

.. and appuently fainted mmlmdofam ' 

nto Alto Hotd, Atom and Lytton Tbreu-aloi) framo hold moral t o w unl the mUirnc 
O nwnhou ee, near BanFnuuaaquitoCieoh VciylitUe damage, a few panes of aJam biokan Umbaudin 
moved towmd Urn aauUmnit faim 0 a to 1 mUi —mmmm 

Rulhrai and Cewpei Now on and onoludf story riungle houm with aeunata foundation, dumnow 
_ atanchimHonae propl up on aouthuat aiila 1 

L*”*™ Yard _ Pita of lumba moved m \aiuxn duacbona, but mantly toward thenuthnah 
Fomat and High Lumber ahad, lumber pdm on cash aula of open eentzml «f« pmtmlly «ii«n-i 
nuuri inpboe 1 001 tl1 ™* movtd uiwmd tha aouthaaat, tbamon aonthnat ndaro- 

Bjmber Btedm nuh bhop Two-etory fume building. lovor itory moved A mefam towanl the ■mtboaat 
Almg, wmt of Unneorqr Non tbraa atory mtafletiu aton builmng: fall towmd tha aouthcaat 
Alma, eartargmenly Aram Now tWHtny nrhlkial atone budding, oollapaad and fall toward tha 


AAA High Two-alary buck bunnem boom, hd atory moved toward Um aoutbeaat 


The hndgw^aeniM Ben Tknnemipiitofhoiih,aA Bryant Btroot and Middlellcld Bond, niumwntlvwmi net 

Umrasty Aymue and Hnmon i Street Jorxlan Biuldmg, threa-abory atueeo bndnma buildina Flaatm 
on Safe narr hiullw mbbLiwI — 
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Jlinlo Pmk (H P Gage) —Al the GnUiolio Somuuuy ncu Mcido Paik, a 4-eloiy 
biiok building, the uppci put ot litany ol the walla Toll, Iowuh and ihinuicya also camo 
down, uchca wme tpiung aiinil, allowing Ihou koy&Loncs Lo diup, calcli, and hong 
Thao weio many ciacke in all Ilia wall's wlmli lomamal blanding, (Jio capstones obovo 
the wimlowb on ilia torn 111 floor loll uul Tho cliapal Inlinul tlio lunllioasl siilo wall was 
thrown m a licap Tlio 1-sloiy ImcL buihlmgb bock of lla loigo ono woio hlUc 
dainagid, a wuodon tank w<is unnyuiml, alUio it was on an 80-Tool lowu like tho 
ono in tlio builduig winch loll Tim luunil powoi-houao chimney (46 feel high) was 
ciackcd in Lbo muldlo and tlio lop Inokcn oil A linlo noma Fanoak* Slalion, a wnUn- 
tank only 12 loot lugli was thrown ilown WiLli Una ono axccpliou all the tankc on 
Una bido of the counly load appealed Lo be hlanding 

(F Inno )—A wnlei-lank baido Iho load, poaung nrnlh of Iho ccmcleiy 16 niilrn 
aoulhwobl ot Monlo Paik Station, waa Uuown down, wliilo one about 0 26 mllo ncuer 
the alation on the same load waa left aLandiug On the tocond load weal of San Fiancur- 
quito Crock, and lunning Bouthweal horn Monlo Paik Slatum towaid the AlnmnHn dp 
las Pulgaa, throo loigo taocs glowing logclluu had boon Loin apoiL, and one about 2 6 
fool in rimrncioi had fallen Walci-lankB on the accond road west of San FiancJ&qmlo 
Crock wao not Ihown down On the aocond pai ollul road wrsl ol Ihu Crook, and leading 
southwest tram Monlo Paik and 1 nulo tram Uio elation, iho loof of a lazgo 8^stoiy 
brick lunno, whioh had boon lcoonlly built, had collapaod, tho bucks haying boon shaken 
hom the walla down Lo the second Horn Tho Aioado of tho Somnl Ilonil Ccmvonl waa 
thrown down (Plate lflls) 

Fan oak* — On the load loading southwest hom Fan oaks end about a inilo south- 
west of dial elation, a newly completed 1-sloiy bungalow had onLncly oollapsod 

(3 Tabor)—Al a stable ncai Fanoaka (about a milo Bouthoast of llic ]unolion of tho 
Woodsido Giado load with lbo road loading am on TTnivmmly Heights) lioavy caiiiagoa 
and wagons wcio moved aidawiae 8 mohea in a duration N 87° E, but they did not roll 
oul on Lholi wheels Thnee oaiiiagos wme placed on tho nmlhwoat Bide of the ben 

(II P Gage)—Following the load fiam Eurasia toward Gadfly's landing, a house 
with pool underpinning fell ova, eleo the woodshed noir It An angina mounted an 
a platform 2 foot hom tho ground wee nol upset People lepatod now holes formed 
m Iho dough near Oooloy’B landing, but thoir statamonta worn not vouflod No damage 
evespt broken chimneys wea noticoable m the yiomity of the lending, and solidly budl 
houses eoamod to be intact Ono houso on a poor foundation waa knocked down, while 
the fauns, tanka, oto, belonging to it were uninjured. 

(F. Inna)—South of Monlo Paik and oast of tho Moyer Placo on the west side of Ban 
Fianaaquilo Crook, a meek about 16 indies wide ion far 20 feet along the odgo of tho 
counly load puallal to and just above tho croak, showing a half-udh vmUeal displace¬ 
ment, the Iowa ode lying next to tho mock Thu crack appeus to be due to the starl¬ 
ing of the filled ground of which the road ■ partly made Tho water in tho l earn von 
of the Beer Gulch Company, 8 26 miles west of StanfordTTmvmuty, ■ repented to have 
been thrown about 26 feet beyond the dam on the southeast aide of the Watar- 
pipes along tho load leading hom tin raauvou toward Menlo Puk had been pullod apart 
The buddmgp in tho neighboihood of tho icaervoir are of frame, and no gieat damage 
waa dona to them, evoept that the buck ohimneye wme thrown down 

Redwood (R V Andmeon) —The Intensity of tho earthquake in Redwood City wee 
about IX Many buildings were putuDy wieoked and the now eomt-house waa com- 
pletely ruined Over 40 houses in the town were moved upon their foundations, and 
a majority of the houses had tho plaster badly Bracked Nmety-four per cent of the 
chimneys fell, and dishes and similar objects were universally thrown down Along 
the two node leading ham Redwood to PartbLn, ant of 28 big public water^tankB 20 
were thrown down 
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Eatl qf Palo Alto (Id Tabei) —On the Eiabaicmlcio load, limn tin lailioad cioobing 
at Palo Alto townid tlifl Bay ot Ban Flaiicisco, only about halt tho buck chimney* had 
been thrown dawn PLntci on lhsb-flooi walls mocked, but it was not injincil to any 
e\tent in the uppei stoiia> Many houses showed little dniiiugo Lo plnstm, men on the 
fust flora Tho tankb ot tho Palo Alto Walin Compsny (at 1 , mop No 22 ) luul not bcon 
tlnown ovn, but the fionic (100 lust high) luul vlipt on tlic eonciuto loundation a mnxi- 
mum dibtance of about 0 5 inch in a duoclion N 87° E Tho watci i* lcpmlod to have 
hlopt out of tho lihLixoii on tho eout suto A walci-lank about 06 nulo ncniu the 
bav (at 2 , mop No 22 ) wax standing, as was a buck clumnay neai it Unnuigp to house* 
in this Boction was duuctly duo to high buck ohunnoys, plustci was xoinulimos kmccI} 
ciackcd, uven on tho fu>il flora of housaa thus damaged 
Mayfield to Gulh landing (B L Hots) — In the town of Maj'field most ol the liousus 
oio small, 1-btray building* laling on wooden foundations, and mani of llio ohuuucys 
wcio or tnia cotta aiul wuod to tlu> loot* Out ot a total of 268 ahmiueyb 183 fell — 
about 70 pci onit A lew buck budding* wcio badly aackcd, ami the hi e-walls wmc 
all thiown oit The plnslm in llu. small building* was some who t uackcd, while in tliu 
laign budding* the doiuago ilone to phistoi was moiu inaikid Tim enucieln Inulgi* 
nvei Madua (hoik, on tlio county road O 6 mile aoiilliensl of Maj held, wa* mil ci.irkeil 
A half mile luitlici southeast along llu 1 load,2 watm-tank* and 3 chimneys (£ huik ami 
1 cobble-stones and latdy built) wcio standing A •Juntdislanoo ncniei Mountain View 
Lnuding thcio wmo fallen oi ilumagml (.himncyh tut -l and 6, map No 22) 

At Gutli Lain ling a huge buck wiuchoiisc tuemg N 87° E hail its sides cun la «1, hist 
a few bucks at Iho top, and hail lho u]j|ici jiaiL uL its east and west emls knocked out 
From Gutli landing southwaid along llu* load mLo Mountain View, the elicits wcic 
uni tram, chimney * weio down with two exceptions, lime was liltlo oi nn daiiinge lo 
plaalei, and tho flow ban limed wella hud incicascd In one earn a umd-iiiill (at 0, 
map No 22), wlnah luul licon in u*. foi vcais to pump unlei lioin tlu* well, was no longm 
found nccca*aiv, but tlic mtcsian watei wux muddy 
Mountain T'leir (II P Gage) —Uu lira counLy rood ltclwcon Mayfield uml Mnimtmii 
Vmw, oonuota biulgrs wcio uninjuicil, watn-laiiks wmo leil staiulmg, and llio Mnallor 
a moio Bolidly built ohimnoys uuinjuml 

(E L Moti)—In tho new town of Mount un View, budl uu^lly m tlic vieimtv ol tlie 
idilway station, 0 buck bUucluini, incliuhng llio Pacific Picss ami llio eaimeiy buildings, 
weio Boiumdy injured Out ol 271 climincys, 20T>, oi 7tl pci cool, tell, out of 4f> hugu 
wata-lankB 20, oi 43 pci cent, Tell In llio Mountain View Gnneleiy thero weio 211 
huge monuments, or these ll tell anil 7 wmc shitted, while 13 slab lieadsLonea nut ot 27 
wmo thiown ilown In llio village ul Old Mountain View 76 pm cent of tlic clumnoya 
(31 out ul 41) fell, uml 33} |im cant or lira wain-lank* (3 out of 0) Tell 
lH P Gogu)—On tbo load leading southwest townid Han Antonio Check limn the 
town of Mountain Viuw, tho houses showeil uo unifunn ilomoge At one place houlli of 
tho county load anil two miles weal of tho Mountain View Station, Ura walm-tauk 
swaved ami thiew out &cvcnd boiicl* of walra dining tlra shook, yet tho pbstn in lira 
heum was unhrnt mid only a fow diBhes wcic bin ken At lira next liouse, the chunnoy 
toll 

At Lira Week* poultiy lunch 2 chimney* Call, dislics woio broken anil plaster was 
eiackod, but tho watci-tank was umnjuiod 
Two and a half milts aoathwest of Mountain View Station, beside Uw load limning 
up Ban Antonio Cieek, a wntci-tank was so badly wieneboil that it bod to bo biaccd to 
keep it from falbng, uiotha lank, on n sale lull wrest of San Antonio Cicok, 1ml col- 
lapsod Tho house noai tho luttoi, in orause ot consliuclion, lost on oulsido chimney 
Following tho toad up Bon Antonio Oraok on its southaast side, imothei houso botwocn 
Iho lornl and tho cicok had one chlmnoy ciooLod and another thiown down, plaatci had 
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fallen in tlio second atony, and suwci and uiulrigioiiiiil pi|x*s wpip hiokcn Uurh dam¬ 
age was alio done Lo llu hou^ on llui lull southwest oi alum 1 Lius ltud uovos Snn 
Antonio Cieck In one or Lhesp 3 -*.ioi v luiusi**., tin* pln* 4 i*i w.is |mi Lin oil llu lust 
llooi walk, und windows wcio biukpn 'llu* hPConil luiu*** w.is si> tlukim lh.il il blurted 
bovoiul iiuIms upon ils lounilnluuis A 1 -slni} cullngi* ilusi by whs Imlc diunngi*U, 
and in the pumping sluil, Imlllps, uuis, elc, sUuiilmg oil .i 11.111 nw hIipIL ilnl uni < veil 
Toll 1 low 11 Tin* iluniiipy*. wise lliuiwn down on the luiuli liinw* ill Iluklmi VilLi, iwu 
inilm mulliwisl ol Him k Mmint un Tiuuigiilnliiiii Htulmii, I ml llnsi* was no gieul ihuiuigr 
otlioiwisc Hig blocks ol look aie snul lo luiw luisi nliukcu Iihim 1 limn llu* uiniinliuii 
ami Lo liavc lolleil down the slopes Dm* ol lluso 10II11I min Llu iluckru-liiiusc, niul 
utliPis lnoko the waLci-piixs al wend plans hulhei up llie goigi* 

On llio load lumiuig aoulliwesl iiom Mounlaiii View SL.ilinu Lownul H .111 Anloiuo 
Oieek and 175 links Miulhwesl ol Llu* sliiUmi, a walai-liuik N ln*l lugli w.is Lhiowu ikiwn 
I 11 Lho villugu ol Mbunlaiu View, 0 5 nuk* soulliwcul ol llu* luilwnt Hl'ilnm, oiu* chuniiey 
011 a small luuse, anil pmjnUng 5 loel idxmi llu* limiI, wuh k*n sUiiuluig, wink* nuollun 
chimney on llu* same Iidini was lliuiwn ikiwn On llio mail kiuhiig ihhIIi limn Moun¬ 
tain View, and 0 25 inilo liom llu hlalion, one chuiiiu*y lell, I ml iinolliei, 1x2x3 feel 
was blniuhng Tlu* lot Lei with Inuced with 11011 1 Mills, howevei Tin* plnslei in the hou* 4 i 
wob ciockod, though not veij Inilly, and Llu* louiulaluins won* uiiliiiiL 

AL llu Yuigo lunch, 3 imks luiUuusL ol Mouulnin Vicin' Hlaluu, llu* liouse is huge 
anil okl II 010 tlu cluiunevs Tell, oiu* gmng down llnougli Llu 11 ml Tlu pkuLia was 
only bligliUy ciackcd Flail sliods nnd wnlci-tonks 20 feci liigh 011 liglil mipporls weio 
not lluown down, and phnulnng in llu house was appaiunlly undiblurliud Theio was 
an ailovau well al Una place which hail, lulmo llu shock, flowed only slightly (u iuL al 
all, aiul a winiL-mill was used Lo laiao llu wuloi Allei llu hhook, il was found Uiol lho 
casing luul luon shoved up 2 fool, damaging lho pump Tlu flow ol wain wiw nicieasod 
ami lilack nond was (nought up Anollui well al Ibis innch was uiuillooLed 

Al Jugel Laiuling lluso was bul hlllo ilaningo Ono chinnuy was uiiltui l, aiul mullier 
whs slightly Iwislcd 

Tlu canciele bridges over PniuaiunLe and Hon FinnrisquiLo Creole, aluwnl iu now 
otooks In lho low lamia noiUwasl ol Mountain Vuw, all llu chimneys except ono al 
llu Masrol tiun Club piescne luul lieen Uuuwn down, aiul wnlei-lanka had falb*n cxci*pl 
wheio Uiqy hail lieen especially well InaLnl The mnu wan Iruo in llu vieinily ol Hiuiny- 
sale Between Runnyvalo ami Inwicnco a buck wuwiy was dosliuycd, aud a tank and 
wuul-uiill weio Unown Lo lho giouml On llu seoond cast-omPwcsi toad directly *4111111 
of Sunnyvalo, foil a shall dislanco Lowaid SLnvens Cieolc, a few cluinnejs weio lell siund- 
mg, but tlu damago was geneiolly umroini as mpoilcd above 

(F Lane)—A 3-fcloiyhuck wine (lislillciy in tlu noiUuasl coinei of llu Ran Antanu 
gianl, 3 5 miles south of Mountain Vuw Rtalun, wbb totally dosliovnl by llu shock 
Thn building was on the sulc of a hill A 3-stoiy fiomo house ncoi il lost ils chimney 
and was tiptloone sido Ahnll-milosouthot thowmeiy, nwalci-tonk lusulo the load had 
bean datioycd 4t lhe southeast (.unci oT tho saino giant, a 2-sloiy bamo house (Bol- 
lingu'b) waa thiown fiom its 4-foot buck foundation ami badly Tho load in 

front of tho house waa oiaokcd, but piobably on account of the steep slope below lho toad 
South of the house, bciosb Slovens Cieek, theio waa a landslide 100 feet m width on lho 
ataep face of a bluff 

(8 Tabei)—The concrote hndge ovei Stevens Crack on the county read Inflow Moun¬ 
tain Vuw waa not clacked, but at the biiok yaid, at the junction of the San Jose road 
with the road lo Jagcl landing, a high chunnoy and a pile of buck had fallen oyu 

Smaloga to Congress Springs (F lane) —At Saiatoga some chimneys wmo knm*lmil 
off, but among those standing was a high chimney built on tho sido of a 1-stoiy house. 
A wind-mill with a luge tank had not been lnjuiod and no olhei damage was apparent 
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On the Ami 1« Spnngp load, nil tlio 1-slmy buildmga appealed to be m good condition, 
and few effects of the shook weio noliccablo Neai the placo wheio hve loads folk, one 
nrniw noith of Asule Spiingi an the load tunning southeast from tho Folks, there was a 
6-foot diop on the load caused by a beotioa sinking in a solid piece on a long stopo, without 
much distuihence in its vicinity At the cioss-ioads halfway between Sni sloga end West 
Side, the Lincoln school-house, on wooden buppoits, was thiown ham its foundation and 
badly dunged The tank behind the school-house was standing, as ncio all the tanks 
on the load horn Baintoga to West Side except the one neatest the latter village Only 
nme moio ofTcct ot the shook was noted in this vicinity, namely, the budge ovei Stevens 
Pi eelf, on the load running due aa°l and west Item WeeL Side, was iciuloicd unaofo fci 
hoises by being bhovori a foot out or plaoo 

On the Stevens Cioek toad, just nflei leaving the Saietoga load, one houbo naar the 
junction of tho two toads was Anhw and di*haB wao biokcn, but the buck obnnncy 
woe intact Neat the houeo a oiaek 2 uohes wide showed a downthrow of 2 inches on the 
west aide A vacant house at tho next turn, 0 5 milo southeast of Stevens Cieck, had lost 
its chimney and leaned with the dope of Lhe hill Neai this house a huge area of giotmd, 
extending tor ISO feet, had been tom up in a dnaction ot N 3° W, and a shdo fonncd 
which almost blocked the mod 

At the Boigei plaoe on the Stovane Cicrk lead, the dhimney was riiakon down, the 
house, which stands on a high but well-built stone foundation, wns not damaged olhciwiso 
Wine was spilt m the eeDu by the foioa of the shock Fuithei nmthwesl slang this load 
ntluw dial ui bonces weie noted with mcroaamg frequency, email creeks crest the load dus 
north and south 

On the nmthesbl side of the meek, 0 26 mile south of the place where a load Luine 
noithrest bam the Stovene Gieek load to go up Monto Bello ndgo, thoio wee a Inigo 
lenHrfirle about 0 6 mile bug and teusced bom the top of the mountain 

Tho about read wbidh mns northwobt along Stevens Crack fm a ooupto of miles beyond 
tho junction with the a are-toad which connects with tho Monto BeQo ndgo showed an 
exposure of aeipentme with nocks lunnmg along it N 3° W The ciecke si tho widest 
point measured nboul one Toot In the serpentine area lho ground wee badly hrokon up, 
end in one place it wns covered with 3 loot of water lObsoivalion made Apnl 22-23 ) 
Following the load noithwrel beyond llio lei minus shown in tho map, many oiseks wore 
seen, due to big landslides Fallon liocs linvc lcncloictl the load impassable, bouldois 
and deed frees still tell occasionally, even whilo tho obemm was thmo a bigo lico fdl 
not 10 feet from him, loosonmg rocks and soil 

Just couth of the two housua near tho soutlxin end of the oioen-road boding towaid 
Lhe Monto Bello load bam tbs Stevens (keek lasil, a break lan duo east and west, it was 
2 inches wide with a downlluow of 0 25 inch on the. west bulc Only dishes were broken 
in the house, a 1-stoiy frame street in p without chimneys, tho it stands abovo llio big 
slide whroh was just mentioned Auolhci cibgIc 1 mehos wide sms found m Lho load abovo 
the house t 

The village of Congicn*SpnngB had not been Bhaksn vciy badly All walci-|iipca 
and tanks weie mtset and veiy little timbci seemed to have Gallon Tho aai trucks on 
the ouivc near tho path to the spring had been thiown over towaid lho hank far shout 20 
feot of tlio cuive, a 4-mch die placement resulting Tho 2-etoiy Btons building of the 
Saiatoga Wme Company wns paitially thiown down, and the side neaiest tho load hod to 
be prapt up to keep it bom falling At this pomt sevael ciscla were noticed in the looeo 
alluvial material of the load, almost at light angles to each other. 

8tanfard Unnemty to Pa tola and Wood aids (3 Tibet) —Going southwest from 
Stanfoid University abng the road leading up San Frenanqaito Greek (at 8, map No. 22), 
on the hanks of the cieek many dead bmbs wao bioken from trees, and a dead oak 
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2 fool in diameter wn brokon off about 20 fool riom llio ground But liUlo dnmn gB was 
dono at a houao a ehoil dislonca Eaillioi west On the noilh side ol the clock (at 0, map 
No 22), tho 12-inoh cnit-non pipe of tho SLanfoid Uiuvcisilj wnlci-nuun, bulled about 
8 foot deep, wbb oiackal, allowing the wain to spuit 20 feel into Llio mi 

Banda llio load just west ot Bcaibiillc loscivoir, a living while oak 0 fool in diameter 
was upiootcil by the jeiL of llui cailhqiinko aliork (Plato 100a) At llio Hcoibvillo 
dam llio wasto way n 46 foot wide The wnlci luiimng ovci llio siullwsy win 1 mclim 
deep bofoio llio cailliqiuke, but alleiwaid it ineiraseil to 6 hilIhm, miuo watei was also 
noticed m tho oioek that empties into tho lake 

The Pioslon lasulcncc, about 0 6 mile aoulli of 8001411110 Lake, lost ila chimneys 
Along tho load leading from Snuwillo Liko iwullmwl lluu Pnrtola, llu* waloi-Uuihs woro 
all l hi own down, oxcopl one noai Llio junolinn ol the Pm I 11 L 1 iuuI with llie Alinno load 

Tho bndgo at tho nmUi ond ol tho village ol PbiLola luul Ihe end's lluiiht Ingellici no Uiat 
tho planks foimuig its floor wore Uuown out of placo In Puitola, buck ohunneya were 
all down and wator-pipca wmo hiokcn Tho Poilala abno was Uuown oil its foundation 
The Catholic Chinch in tho ullage n a fiamo building that stood upon an underpinning 
of pale about 3 foal high Tina building was thrown bodily about 2 led towoid the north, 
apparently throat ovei fay tho undci pinning uhen it gn\e way Tim Pm Lola achaol- 
liouae was also thrown from ib> foundation, which wo* about 8 feet above tho gtound. 
Two small dweUmghouMb Boulhcaal of the school-homo and on tho south nulo of the 
rood me Uuown born thou foundations. 

Fallowing the PoiLola load from Poiloln Lowaid Woodoulo, the houoa sliowcd con¬ 
siderable damage, with chimnoya down Tho wain-tank at the fork of llio road in boot 
of fair Piaston’s houoe ms thiown down, and tho big tank at tho folk of tho load, at tho 
aile of the old village of Saaiaville, was also thrown down Tho while oaks m tho field 
noith of tho load had also many laigo bianohcs broken off fay tho shook. A shanty 
bolwoon tho 2 bulges (at 11, map No 22) was down flat, and m a few oases tho undm- 
pmiung of houses bad given way, tho houses having Battled in eonsequanoo Small traoa 
wcio ovoituinod and fences broken K laige live oak had its top beLon off about 20 foot 
bom tho ground (at 12, map No 22), ol the place of fiacluio the lioo is about 3 fool m 
diaxnctoi 

Taking tho weatam load pail Newman's, which is at the place wliaro tba load masers 
Bern Gieok, bom Scarevillo Into to Woodudo, two especially well-built wold-tanks 
beude the road, tho wall shaken on then foundations, did not fall On tho south mdo ol 
tho load, about 0 26 mile aoulheaisl of Hi Folgn’u, a laigo bvo oak was tun up by the 
roots (plate 100a), while aavcial eucalyptus tires bad banohea lcikcd oO. A strongly 
built 1-atoiy homo just below (13, map No. 22), and within 400 foci of tho fault-line, 
loit all of ita chimnoya, but tho plastci was only slightly macknl. Bods and olhoi fui- 
nituio m tho home wmo jcihed in diioctiana poiallcl to tho fauh-hne A small bed stand¬ 
ing in the noilh west coinci of a loom was not moved, but a largoi bed noai tin cental of 
tho same 100 m was movoil scvciol feet A wotoi-taok a U 101 I distanco noilh west of tho 
house, now and ationgjy built, about 15 feel above tho ground, had ticaily all of tho wnlor 
spill out of it An oyo-witness sa}t> that llio watci was tin own high up on tho noi thwest 
and aouthcast aides The wata-pipo ronnmg bom the housB to tho pump was bent in a 
mn vs toward tho northwest, and where it entmod the pump-home, the boaids woie bokan 
on tho southeast sida of tho pipe Tho othar pipe (also 4 inches m diametm) had tho 
tin sods atnpt off at a joint, and tho ends of the pipe pulled apai t for a distance of 2 6 to 
8 mehes The pipe woe new and buned a few inches below the suitace of the ground 
A luge oak tree stending 200 feet 01 so bom the house had largo limb broken off fay 
the shock At the Folgcr place, between Newman’s and Poitola, tho obmnqya were aU 
thrown down 
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On the weal side of Ben (hock and north ol the load along the toot of the mountain 
neat Woodaide, a 1-stoiy sandstone house liad its south wall thiown down, and was 
otlioiwixe badly dimaged About 50 icel of tlone wall, laid with mtiilai, along tho side 
ot the load 3 bet high anil Lfl feel wide, was lhi own down A tank at (lie cioa-ioucIs 
in Waodsnlo was left standing Tho uppci pait ot a buck winoiv 1} '•tones high (at 
20, map No 22) isos demolished, the tool being split down the niuldli 1 uiul smashed to 
pieces A bourn 1) atoim high lat 14, map No 22) was thiown touaid tho southeast, 
the undmpinning giving way m fionl The liouso was badly damaged W'olci in a Inigo 
tank neu the horse spilt out on the hontlicaat and northwest sales 

At the veij end of the short, uookeil load mapjicd os tunning northwest tioin the villogo 
of Waodside, ihue was a will-budl 1-aloiy flame house, ol which the buck chimney 
had been thiawn down, the plastri ol tho licusa was onlj slightly naeked Neai thu 
a huge watci-tiink was Uuown ova, onothci lemaincd stanihng hut luul llic slunglcs 
knocked otf the loof on the noithwcst ude by the foice ot tho wall i dashing up against it 
The dkl adobe home at the ciow-taaik m the village of Woodbidc was thiawn down, 
(he pasts and supports loft standing leaned at a oonsidciahlc angle townul tho northwest 

A laige home house (H> JoMlyn's icaidcnce), north of the toad and dose to West 
Union Deck, was dcninluhcil, wink* auotliu on the opposite side of the load, and |ihl 
aouLh ot the bndgp, was not badly damaged Hu. concicLc budge ovoi West Union Cicek, 
1 mile south of the point (14, map No 22), showed a tew small clocks Rom this point 
on up King's Mountain load, as In aa the summit, them weie no macks noi landslides 

Page Mill and Alpine roads (8 Tabci) —All brick chinmeyB along ilia upper put of 
this load wmo thiown down At tho Cluiln Winety ciookmy was btoken and nulk 
spilt fiom panb On tho load from Cl&uta Vineyard to the Allen {dace (at Id, map No 
22), seiual small maeka 025 to 06 moh acioss tan east end west, nummoua mocks 
mtaaeolrd fneai 18, map No 22) in vauoua diiectunu, while aomo laige ones lunnmg 
pualld to the contoui lines weie pnobaUy due to earth slipping Judge Alien's in llio 
valley, and ecvoiol smollei houses, wme thiown fioin then foundations and othmwiso 
badl} damaged. 

Following the Alpine load up Coidc Marieia Cheek, maeka wmo oomtnon mi tlio outside 
oi filled poition of the loud, and these woo goneially poinllcl with the embankment 
The strop southmn slope of the udgo ]ust noilh ot the Alpmo load, along its lowci eomao, 
was favmable to lnncWipp. At many places huge manses of lock had been iluown down 
iiom llimc bleep Null* into the land, oamptctelj blocking it up On tho south auk 1 of llio 
ciock the slopes wme not favoiaMo to landslips, but llimo wmc scvciol of them, and at 
one point, about a milo fiom the buimmt of tho lidge wheie thu load ontcis the Page Mill 
load, one 4ido cuuod away the enluo load bed foi a distance of about 300 feci 

(H F Gage)—Following tho Pnge Mill joed westwrud ham Block Mountain towaid 
Langley Uill, a 1,000 gallon tank was uiulutuibcd, but 3 livo-oaks neu by wmo upioolcd, 
one of them hong a Luge tieo with a 12-foot base These tires weie m a lathu dry soil, 
yet none of a giove of tiecs giowing m moi-t ami was ovmlumed Faithci west up thu 
load which loops towaid Langley IM, a big mack itinning cast and west, caused by a 
slide, showed a diap ot 8 inches an tho naith alp, and fiom hcio on down to tho Alpmo 
load the load wna badly cut up with slides, but was not impamablc On the btcop giado 
of Ianglsy Hill a dido had mated 30 feet At tho ranoh houses them was little dunngo 
done by tho shakin g save aometunu a fallen chimney or a few broken dishob At one 
lanoh the people lepmled that oows wmo much fughtened duimg the ■imr> 

fF lane)—Along the udge mad southwest of Stcvrns Creek, sepuatmg Santa data 
and Santa Ciui Counties, them wmo some ciaeka duo to landslides Sandstone Hn^ iw , 
some of them 0 feet in diameter, had rolled down the hills toward the meek People at 
the bouses along this load stated that the shaking had been severe, with lorn of a few 
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chimney 1 ] but vciy little destruction otbenmo No cvulrneo of eiadn could bo found 
upon the bitlc load At a houra situated at Iho junction of four rands about 3 miles mat 
of Oongicss Spiings, no damage wan rrpoilcd, tho the inhabitants vne up at Iho begin¬ 
ning of the ^hake aiul say llial it was aaeompanied by ronsn lei able tumbling and lhaL the 
ahoeln which followed weio piccedod by a Bound like a Idasl 1 

King's Mountain doun Puruuna CmL (B Tabu) —At King'll Mountain House, buck 
chimneys wine knocked down and aomoduJics wise biokcn, buL no damages ns done to 
tho houac Cieaiu uas spill fiom Uio milk pniia on llni aouUiwebl side On Iho Cahill 
Nidge load leading muthwisil fiom King’s along llm oienl of Die nclge, liLlle damage was 
noticeable An old woodshed wna lluown down (at 21, map No 22), ami about a nulo 
fai thei on the lop was biokcn bom a laigo leilwood tioo about 76 or 1(10 feet fiom the 
giouiul fat 22, map No 22) 

Following tho tiail bam King’s Mountain Ibum down Puiismia Circle, a huge slido on 
the noillicasl sido of tho oicok hsd fillod tho road to a wnltli of about 100 feel (at 23, 
map No 22) Uio buildings at Haleb's Mill, just below (21, map No 22) wme not dam¬ 
aged, but a little tuLhci dean several macks wmo found, one 8 inolieh aide and turning 
B 23° G On the noiUicast bkIo of tho ciaek, just balow Boiilon’s Mill, a lug tJidc had 
dammed the mode to a depth of 26 or 30 foot (at 25, map No 22) Thoalnle was between 
0 25 and 0 6 mile long Tho buildings at Iho mill showed no damage, but a budge just 
above Iho mill wasonisht by a b1k1o fiom tho south Biiloof tho oicok 

Beat Cteck m F Gage) —Between Redwood City and Woodadc, all of the publio 
watci-lanks wcio thrown down m had to be lobuill On tho Bear (hcok load, southwest 
of Woodwdo, thcic were many eneka oousod by lamMipw down Bleep hanks. Tho tops 
of 2 paitly decapod lices, one a rad wood and Iho other a spiuoo, hail bean bioken off 
where the diameter was 2 foot Near when tho fuel trail branches to tho light bom 
this load, an old oven built of day and atom, 4 feet high, was enclmd, aiul an old bam 
was badly dsmag nil At the point whine tho road itself beeomaa a tiail thme is a log 
cabin, piobably used as a summer oamp Hus oafam was looked and had apparently 
lcmaincd undistuibcd suica the earthquake Tho floor is about 0 foot above the level of 
the giound Table, benches, chain, and all the bottles and utensils, mmopt a ooffco pot, 
wmo ova turned The table was solidly built and mcnaurad 4 by 8 feet About a mile 
cast of this cabin, at tho end of another trail, was a 1-slory fiamo houso, a bed on the 
fiist Horn was moved by the shook 8 foot to the middle of tho loom, tables ami ohana 
wcio displaced, and dishes were broken A house and dauy bolwcen this plaoo and tho 
load weto movod on tliou foumlatuxis, and wator waaapdt out of pails fiomnoilheast to 
southwest Tops of spiuoo tioos wen hraken by the Bhoek Foiu nulea faithoi sonth- 
weBt, along the bod townid tho San Gregono road, people reportod that all Uio stoves 
on tho fiist flom of then houses wen overtunod dining the earthquake, with the ex¬ 
ception of a kitchen lange whwh wee twisted around 6 inches Thar dishes wmo elm 
bioken Just south of the junction of this tied with the Sen Giqgoiio load, a 2-etoiy 
houso had been shifted on its underpinning and some planter was broken A watei- 
tank 20 feet high fell at this point 

Hoff Moon Bay, Pvnnma and 8m Oregona (8 Taber) —Following the road along 
PilaicitOB Cieek towaid Half Moon Bay, many eneka and slides wmo found on the ocean 
side of tho ndge, but few on tho cast mde Allof these seemed duo to slipping of tho earth. 
At one place thcio had bean subh a largo dale that tag Hooka of sandstone had fallen 
down mto the load Here and there along the read big amoks had opened, parallel with 
the road and tho cieek where the dope ■ vaiy steep, and promoing to make the road 
impassable by ImmMiAm, should a heavy rah came 

■Mi Luis adds 11 WhileI m then,hovnar, va had bM ight Shook ud Inottood author blut 
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Just north of the bridge over Pilai cites Clock, noith of Ihe town of Half Moon Bay, an 
adobe house west of the road waa thrown down by the earthquake, killings people (at SO, 
nap No 22) The ooiuneto bndga was badly (sacked, as wao the approaches at both 
ends Just aouth of the budge, amend small cracks in Iho low giouiul west of Lho road 
penniUed water to apout up, bimging band with it In the town of Holt Moon Bay 
many buildings wore badly damaged, some old flame houses and the bnok bank build¬ 
ing beuig flat, while the uppn half of a 2-atoiv buck atiuetuio was dcmoliahcd Tho 
Moscom Hotel, a 2-atoiv fiamo building, had plnstci shaken fiom the aula walla of lho 
flisl floor only, whde the ceilings ot those looms waio not mocked 

In Half Moon Hay it waa repotted that tliao was no cvideiuo of any cliange of lovel 
along the coast The streams on tho wot aide of lho mountains were soul to have 
doubled in volume Tho load along the coast fiom Half Moon Bay to San Gtcgpuo 
showed comparatively few fa aces of the earthquake Tho oonmete biidgo o\ci CmmuI* 
Vetde (at 31, map No 22) waa Bhghtly oiaekad, and 0 5 imlo hither aouth a water-lank 
lay flat acnaa the load 

At Puiaima the chimncss me all down, and crockety was hioken Thu intensity 
of the shock waa apparently has at Puuauna than at Half Moon Boy Accoidmg to 
vanoua lcpoils, a made east of die load below Fnnaima, duo to a landslip, ovlendod for 
about 1,000 Ecot neatly north and aouth, ami an eatlhalide on the bide of a hill a milo oi 
moio faithai aouth waa about 100 yaids long and 80 feet wm 

At Son Qtegoiio \eiy little damage was done Tha hotel lost only a little plastoi mul 
a few dishes Turn mg eeatwud on the load along Sen Qiegono Gieek, tiacos seme 
found of increasing inLenaily A mile fiom the town of San Qiegono, a waloi-tank 20 
feet high wen still standing, while a couple of miles feithei oast the meek was tlmnnwl up 
to a depth of 0 feet by a dido hom its southeast bank (at 32, map No 22), and all ohim- 
neya were down Mn L E Bell repeita that near BcUvilla a email alkali flat was raised 
about 3 feat There was a landslide into the read far a dibLanoe of 300 foot, lho hmgH 
of the slide being 100 feet (jU, map No. 22) Chimneys and fawlw all thru the volley 
were thrown down 

(G A Wuing )—Of tha 2 atm as at Ban Qtegoiio, the one m tho bottom-land sultored 
mast, neoily all the shelf goods being t hi own down Crocks (ram 12 to 18 malice wulo 
appeared m the cultivated bottom-land, and a waloi-tank waa Bhiftcd on its plalfoim 8 
inches nathwaid In the LobUoa seloon a blot immhma was hulled to tho flooi, anil 
ncaily all the bottles an a shelf running east and west were t hi own off Small macks 
appeared m tho ground at Lobrtos, and a small dido ocouirod rn the road 0 25 wuiw up Lho 
stream 

Ia Honda (H, P Gage) —Tha inhabitants Bay that after the shade tho mock laso 
about 4 rnohee and became muddy At the hotel, plaatei fell hom Aral flooi walls, tho 
toot were little d a m ag e d The plaster hail already beau clacked, howevci, by miMpg tho 
house lamps were all shaken off the tables, and all the chimneys worn down Water 
spilt hom tho hone-trough in a notIhcast-southwest duection 

Near the Weeks lanoh home, between la Honda and the summit of the mlgo on lho 
reed loading to Redwood, an ineonspiouoiia erode wea notioed miming mt It was 
about 2 mdi ea wide, with no verturel movement evident The north ndo of tho ciedc, 
however, had moved fully 3 feet eastward The amok amply meila a big dido which 
has been slipping far yeeie, end which descended 3 feet during the earthquake The 
Wedm house, a strongly-built home structure, 2} Btomee high, «u badly A 

large outside ohimneyfdl thru the roof to the Gist floor, and the plaster wu fauly atnpt 
from tho lower noma and somewhat stacked upataire The sliding doom downstairs 
were shaken off t he i r tndn, eeverel windows were broken, tlw boot door waa oiaekad, 
and many of the door jamba were facoken The heavily built bam neai the house was 
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badly aliained The wain m lho iiuidu was spill horn northrast to southwest 
In an old house nau the aunimil the stove woe not niovod ai all, hut the ohminoy built 
40 yean ago fell 

(8 Tabm)—Em some ibslanoe on llic west Milo of llu* summit eandatone blocks hail 
been mocked oil and saoUmod acices tlio load Flora Hip summit of the ndgo to the 
Poitola Volley, the only cffrots noted wore llio wimk of a lamsliarldo old bun and a 
3-inrh nock auau the road (aL 30, map No 23), piolialily duo to adding 
Cangiaa Spinga to Bouldn Cicd. (B Biyon) — lboiu CongiM Hpiings, following the 
load lhat passn along tlio vulloy, about a mile cn-il of llio Gnslla Uoek Bulge, in a soulh- 
oosleily ducotion lowaiil llio lnmvnu ol the San Joso WaLu Company, ovuleneoi wcic 
found that the oailhi pinko hiul on lntcii-aly of ovci IX Thu walls of a stone bun hod 
been (hiown down, 1,000-gallon wine-tanks in a collar had boon shiflal, anil people m 
the houses worn tin own down whilo laying to got outcloom at Uio time of Llio shock In 
a bourn cine by, at Hie south eml of the dam, die Hist flooi plasLoi foil Pooily built 
foundations fell Southeast ol die i earn voir dio chimneys and water-tanks woio down 
Two water-tanks at and near the bend of the load (at 37, map No 22), woio standing, 
but 0 5 mile noilhwest of this place a watu-tsnk hail fallen The walci in the iceoivoir 
(at 38, map No 23) had ovoiflowod the 8-fooL banks, but the waUu-tanks wmo standing. 
A. shall distance down die load, to the noillicssl of the lcsoivoir, anothm tank woe 
standing A house 0 76 milo cast of thn lc-aeivou was badly ahakon, with lass of piaster 
and chimney In the aaotian a milo easL of the fault-line (at 39, map No 22) the shook 
was weoksi All the clumnoya on cottages wmo standing as for on oould be aeon, as woll 
as oil the walci-tanks The biidgoa 0 5 milo southcoat of the ram von wete oonsidcrably 
shaken Crnaka ■weming ly oonlmuoua in tho ducotion of the fault-lino ion thin the man 
0 7fi mile oat of the fault-line Two-almy buna housos along the fault line 1 mile south¬ 
east of llio reservon montumed wmo so damaged within diab people wmo hving ontdooia; 
yot tho had not broken a G-mch flag polo on a 2-stoiy bamo houso. A largo 
ledwood tioo hod been ehelmn down (near 40, mop No 22), tho house near it had its 
elumney fiaolmcd donn to the fueplaeo, and the alovo and piano wore llnown am ore the 
loom The watci-pipea hmo wmo badl> displaced end biokcn llio intensity was 
gically diminished, huwevui, near 41, map No 22, ohininqya did not fall, tho baoluiod; 
clooks wmo atopl, hUla rook was Unown down bom a vertical outside wall 15 foot high 
On Deer Clock a luge landslide slatted bom near Gnuly Rook ami did westward, but 
elmng nd its ducelion 60° or more ludun down toward tho creek Tho mill m tho ciook 
bottom below the dido was partly bunod, and one man was killed. It is 500 foot bom 
tho mill in the gulch to the top, at die paint where tho dido eluted Tho slide covered 
shout 2fismcs of greund,and destroyed a lot of vugmtunbor from 3 to 10 foot m diara- 
otoi The Blido matenal, which is 300 foot deep, is composed of soil, olay, and shale 
The shook could not have boen vmy strong at 42, map No 22 Tho houses stand on 
poets 10 to 15 feet high, but ware not moved noticeably Furniture facing meet needy 
north and south was thrown down, but not when Caemg in olboi direotlone The Inhabit¬ 
ants woe badly bi^dancd and ran outdoms without wuting to dieea On Bear (keek 
(at 43, map No 22) a smaller dale had moved a few hundred feet, fanned a hut, end 
killed one mait Awwiding to reports of men in dua region, only a numite dwp—H after 
the beginning of the cuthquake before the abide was over. Down m the valley no oraeka 
or otfam evidence of violent datm banco could be seen 
Farther southwest down Bear (keek, about 15 miles from the viDigB of Boulder Cheek, 
ware evidences of nlesB severe diode A chimney on a 1-atmy house did not fall, tho 
the furniture m the house was thrown down. Trees wmo violently ehahm A mile 
riHfrrr* of Boulder Cieek a ohunney on a Notary house wee down, bat no buddmgs 
were moved or broken 
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In the town of Boulder Ctaak, ill chimneys were down erwepfc than on some 1-btory 
cottages, these wen amdccd, howevei. Penile generally ran aut-oF-dooiB, but were noL 
as a rule veiy badly frightened, eomo oven stayed inside until they hail drat Watci- 
pipea were not broken, but eomo plaster had fallen, and plantar was ciaoked eveiywhorc 
Mr Bloom, owner erf a sawmill at the edge of the Big Basin, repents that the shook was 
less seme in the Big Basin legion than at Bouldar Crook, that theta wuic no landblides 
on tho rad bet worn tho two places, and that, tho he had bean neatly to tho summit on 
the day of tho esithquako, he had aeon only one amok wharo tha earth had stalled to slide 
(R Gollom)—At Boulder Greek, on tho east mdo of tho strain, a small hill of about 
160 feet elevation xwea rather abruptly Its sides am thiokly coveiod with small ticcs 
and brush Neai tho top, a large r"** 1 "" °f tho auifaoo soil had been shaken loose, and 
had did to the level of the creek, carrying tioea with it 
At Ben Lomond no fiaauica nor other such ovulonoes of tho earthquake wcie to bo seen 
Inquiry showed tins condition to eontmuo in tho oounby about tho town Biokon 
ohimneyB weie tho only ovrdcnoo Tho mhafatMifai of Bon Lomond report bovcial slight 
sboelcs during tho night of April 21-22,1000 
(B Bryan)—Going north from tho viDagp of Bouldar Graok along the Ban Loicnio 
River, only small woodon houses worn seen, all with chimneys standing Thoio were 
few evutonoes of tho fora of tho shook, ovoqpt fsllon rod wood Vroce Throe dead red- 
woods had been mapt off Iron 80 to 60 feet above the ground, and faitlior an two mom 
worn notiocd, ana having famkon and the other having bean uprooted A men who was 
at tho sawmill, 8 rniks north of Boulder Creak, at tho time of the earUiqiudm, stated that 
a few trees were tom up by tho roots Gmdwood had bean Known down in eoveial m- 
stnooeo along horn A mull ImHJiJb had moved noram tho road (hi 44, map No 22), 
whioh 20 men spent one and a half days alonimg away In the guldi Iho tops of a 
number of redwood trees had boon broken off fhxn 60 to 100 foot from the ground, Iho 
diameters at the point of fracture measuring bom 10 to 14 inches Up tho road to tho 
summit of Gsstle Rook Rtdgo no slides nor oraeka wen ofasorved. 

On Boulder Gkeek, doming southeast down tho Ohma Gmdo, tho shook was strong, but 
apparently not so sovero as along tho San Lonnuo Rivor Hw pooplo wao badly light¬ 
ened fay tho shaking, however. One man reported that no redwood Iran fell and that 
only a few dead limbs were famkon off Nonr tho junction of the first load leading from 
Bouldo' Crtek into the Big Boom, an old landdido whioh eovmod about 2 or 8 asm, 
datmg book to tho previous winter, had boon widened fay tho shook and its duection had 
ehsogsd Only a oouple of hundred yards farther down tho road, soniostseks of hmootk 
split redwood logs (cordwood sise) hut not been shaken down 
A mull euthahde had started (at 46, map No 22), and a ombk, pm haps due to tho 
aanie dido, was nobsed For tho noxt mile or bo southeast, thao was a comuloiabla 
amount of oordwood along tho road, nono of whioh woo disarranged by tho shook, and 
no trees nor dead limbs had fsllon In tho houses bolwem thio plan (46, map No 22) 
and the sawmill (at 40, map No 22), the evidmoos of domagp weio mao sriiaus At 
this flat plane rated no da m ogp was done, people were awakened but did not get up, 
no trees nor hmfas had fallen At the next pises, 1 mile southeast, people nn from the 
house during tho shake and attempted to remove a siek man Brail objects wmo Known 
down and a pendulum elobk was stopt. At tho house jimt southeast of tho mill, tho uiaido 
furniture wis overturned, the stove moved, and the teim-eattn ahimnoy split and fell, 
while branches wmo broken bom redwood bom near tho house At the mill tho sarao 
effects were noted, and others os weQ, tops of live trees, from 8 to 8 mohss m dumetor 
si the bseture, wmo lraken off Ron the point (46, map No 22) down to the rood 
l ea din g to Bkomk Mill, 1 mile south of the pamt (46, map No 22), tho intensity 
e o e med to have been lam. A water-tank besuio the road was quite unhuit^ houses were 
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not hadly shaken, and only small objects—cooking utsnsds, eta—wore thrown down 
At an old mill 2 miles southwest, however, a (dock had bean thrown upon tin floor and 
broken at fi k 11“ a v Half of the piled hnnbei had boon dibai ranged, sad the wator- 
lank, built an a fiamo 15 fort high, wss ehalum so that it foil the novt Monday night 

Ben Lomond Mountain to the Goad (B Biysn) —At tho junction of the Bon Lomond 
Mountain load (47, map No 22), the house was empty, but them was no noliocaUc dn- 
Lurbanec in the sheds oi neighboring trees, Uio a fow hundred ysids south a fow (lend 
limbs hod been iccenlly broken from the icdwooib and one or two dead ticcs had Ulan 
Sonic othm trees wac so basoned at thrarroots that they have Ulcnsinco thocsithquake 
At Lite Bm Lomond Wino Oompany, a piano 2 miles southeast of the junction of tho roads 
(at 47, map No 22), a well-built oottagp had 2 tall chimnoys still standing People did 
not lcaic the house dunng tho caiLhquako Leaving tho Boulder (hook load, and oroe*- 
ing Ben Lomond Mountain by tho Eaglo Rook road, the damage appaan to oonast largely 
of fallen chimneys Small objoola, sudi as fruit jara, china, ota, worn thrown down, but 
only from shelves against north and south walls Fcopb loft their honsos, but wne not 
much alaimod 

No ondanees of a violent shaking were to he found on tho bail following southwest 
down Big Creek, eilhra in tices or buddings, oxoopt wlioro a small, hslf-doeayod shaek had 
boon thrown out of plumb aiul a sot of shelves overturned in another oabm Atabbnoar 
them nhclvm was unmovoil, and tho bottles on top of it worn standing At the dam on 
Big Creek (at 48, map No 22), no harm had been done, nor was any damage viable in 
8 old shanks just below the dam A half milo from tins pant nashs eanml fay slides 
weio noticed on a very steop bank Slight damage was done to the flume (at 48, map 
No 22), which 3 men repaired in half aday Afowobjoeta were thrown down mdwhDmgs 
hereabouts Near the junction of Boolt and Big (kooks, a light IranreoUa chimney did 
not fall, but milk was spilt from pans at thin plaoo 

(H W.Boll)—At a house 1 mile southeast of the junction of the cast and west forts 
of WadddftCkock, a tniok chimney was thrown down Noai a desatod mill st tho north- 
end of Ben Lomond Mountain, a small hwMufa had earned lien and brash down to tho 
crook, and tall bon had Ulan along Uio road At a new mill a short disUnoo from tho 
old one, about a mile northwest of Eaglo Rook, it was reported that the shock was dis- 
tmotly fait, but no damage was done Dishes evm Btayrd on tho shelves A stoop bank 
bcsido the road showed small emak^ which ooukl apparently have bom oaoly made m Uio 
loose sod 

A Waring)—At Bwanton it was reported that a distinct none, as of a team eroee- 
ing a bridge to the nort h west, had boon hoard procoding cash shock Dishes on a shelf 
running noiLhcaat and southwest were thrown off, whdo those on a shelf standing at 
light angles to thorn wore unhurt. 

(B Biyan)—At tho sehoalrhouBO (50, map No 22) tho gjlobcs wme overturned fay 
tho shock Tho tcasher said that she had hoard from the poople at tho end of tho trad 
just above, leading northwest toward Bwanton, that the shaking had overturned only 
a few glasses, and that their pmduhrm (dock did not even stop At tho neat place, 
0 5 mile southeast of the sehoothouss, no damage was done, and tho ihhahstanbi were 
not disturbed onoogh to ran outdoors In tho little nntthsiwnt at El Jam Point, tho 
shock was so light that a small dhnrmsj with a term-eotta top, makng a height of 7 
bet above tho ioof, did not fall; nor wore sonilar turia ootta chimneys on 2-story 
buildings thrown down, tho prngeebsg from 8 to 4 foot (Bassos and bottles iransined 
an tho shelves in a barroom 

At tho fame-kilns (51, map No 22) tho shook had appar mt ly bean man sovran, for 
thn nn minim imro fnimd m thn kilns thmradnw. pnnpln ran limn huisso. rnnsll nlijnofn 
ware thrown to tho floor, and pdm of era d wo u d wme overturned 
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(G. A Waring)—At the San Vicente limo-quaiiy, the intenbity was found to have 
twin nnnai.lniahly hlghfll ID the bottom Ot the CBOyOU A COW ID UlB JBld COUld not 
keep hoi feet, men oould not walk b> the door of the cook-house, and milk and water 
weie nearly all thiown fiom tho pane and kelitlea Little 01 no damage wee done to 
the buildings 01 furnaces, and coidwood on tho steep slopes woe not thiown down 
At Coast fhaie was little sign of dwtiuction by tho eaiLhquake, and nothing could 
be learned At Bonnie Doon, tho the sliook was appioouble, no docks weie lopoitcd 
Btopt and nothing was Uuown fiotn didlves 
(JB Biyan)—On the load thiu Bonnie Doom the shock wan umloimly light, chimnoje 
non uduumed, plastoi was intaot, elooks did not stop, and e\on tlie milk had not spilt 
from the pans People did not run outdoms A top-heavy and uckety pigeon-house 
did not fall over, tho shaken considerably 

Down lagans Creek to Const, and up the (mil east of Coja (heck to tho aaphslt bods, 
similar effeots wme noted Noni the lattei spot, howmei, tho shook appealed to have 
boon somewhat stronger, small objects had (alien, milk spilt, and even one chimney 
waa thiown down, whdo peoplo wmo fiighloned anougfi to got out of the buildings 
Rom the asphalt boda as far cast as the poml 62, map No 22, the obsoivo found 
no one to question, but the shake had boon ao moilorate aa to leave no \ibiblo signs 
except whmo some coidwood had fatoken il* oiutetakcs anil lolled down at the ends 
At tiio houses just south of this point, chimneys and ploatei of 2-etoiy etiuoLuios 
weie not damaged, only lamp-chimneys and such aiLidos fell and broke It was 10 - 
poited that at one house in the valley fiuit-oans had been thiown from shdves 
(R Cbllom)—At the Wdiloi deny, on tho Hants Cms-Fescodora load, 2 milce weal 
of Santa Crus moor Model Cteek, the damage done fay the shook woe in tho faun of broken 
chimneys and oaokod piastre m Uie houes On tho road 0 6 mile west of tho dany, 
the fence of the shock broke an 8-mch water main 
A general nomination of the counhy along the coast, as opened up by the Pescadmo 
stage load, shows the damage m them pula to be confined mostly to broken chimneys 
and cracked plaster in the houses Only in the esse of buildings with vmy pom founda¬ 
tions was any of the supaatauctme destroyed 
(G A Waiuig )—At Wddai'e deny it wna said that tho shook seemed to come south¬ 
ward down tin gulch, preceded by a tumbling from the tune dnection Other places 
on the tenaoeJand nou the dime west of Santa Crus wmo not so badly ■ImAmi 
S onia thus (B Biyan) —ISnteiing tho city of Santa (has bom the west, the fliet 
chimneys down were only about 0 5 mile bom the San Lmenio River, mm easing m 
numbei os one came mlo the town, yet many of the bctta-bmlt chimneys, even on 
2-atoiy and S-atoiy buildings weie not thiown down In the eastern put of Santa 
Crus, same chimneys on both 1-stmy and 2-sloiy houeeB fell, and Borne stood In aomo 
eaeoB plaster waa eiaekod, but m no case whmo enquny was made had much fallen 
Some small objects fell in evmy instance 

(R Collom)—The dioek waa strong, but noliva weie lost The coint-houee loofs 
and towers were wiecked, many brick chimneys weie down, and communication with 
other towna waa entnely cut off by the bicakuig of telephone and telagtaph wuee Many 
buildings bad thou walls shaken down 

At the nmth end of tin budge erotsmg the San Lorenso River, at Thud Stieet, there 
were 4 fiseuree running piaotieally parallel and almost due east and west These fissures 
are about 700 yards in length, and vary in width bom 2 to 8 inches They run thiu an 
apple orchard and are m Bandy soil, the softness oi the land neu the nvspfaed being 
apparently responsible fm their pwe e nce The nveir at this place luns about east. 

In going thru the town of Santa Crui m the direction of Boulder Cieek, a fleemo at 
the inteneotion of Bulkhead and River Streets waa noticed This fissure waa about 



laOflKIHMAKt DISTRIBUTION OF APPARENT INTENSITY 


271 


15 inclioa wido and ian east and west The 00-foot biiok smoke-stack of the San Lo- 
lemo lummy, which it> about 18 foot induunctoi allho boao, nob unhaimad by ihashook 
It is said that a& fu as was obwivod, Lhoie was no change in tho appaoiance of the soar 
level at Sonia Ciui, nin ms llicic any damage dono by Iho wa, not any unubuolly liugo 
waves at tho lime of llio shock 

At llio Soulhcin Pacific budge, aoshing the Ran Loicnio Rivci, theio u a nclwoik 
of fuBuiob vaiying liom 2 to 15 inches in width, lunning Uuu (ho sandy soil Tlio duec- 
lion ot tho main husuics is cobl and west, and Ihoy bio an Iho aoulh udo of Uie ltvm, 
which is nooiabl llio boy Tho giound lias Bottled about 10 nidus from Iho abutments 
and puns of the budge Tho depth ot tho Amuics was mdoloimumlila, os they had 
llllod wiUi sand At Santa Cuia tho inhabitanla lapmlod tliat nooi Olivo Bpiings, 12 
miles nmlli of Santa Ciui, a landslide HwmnlirfiMi Lcnrna Pi iota Mill and Idled 9 man 

(G A Woiing)—Tho oily of Santa Gkui furnishes exccllant ovidonoe of tho effeat 
of soil roimalion on tho intensity of the onithquoko shook On tho high giound in 
Goifiold Pork, and also in tho mnUiwebL pail of the oily, only about ono-Touith of the 
chunnoyB foil and a hlllo ploslming waa mocLod, while in tho Iowa giound nom the 
businoss sociion aovoial buck and slono buildings wuo paitly sluiken down Tho San 
Loicnao Rival was chinned into loun, Iho bonks mocking and aotthng aovoial indus, 
and sand, saul lo lutvo coma horn a depth ot 100 feel, was foicod up in aovcial placoe 
Tlic bed of tlio u\or u also eaul lo liavc sunk uncial incliee, and iho euuont lo be slowm 
Ilian bofoie A b-mch wata-maui, lunning cast and wcsl amon lliouvcral the oovmod 
biulgo, waa biokon at each end of the Inidgo and moved 5 5 mohei aaalwaid A man 
out of (loom, faoing aoulh, was thrown cast, then in tho opposite dueclum A euoalyp- 
Iub giavo aoulh of him awqyod violently east and west 

Along tlio boooh the shook mama to havo boon lorn aavoio Tlio miming anginas of 
Iho pawn-plant at tho Casino wme unallectert Things worn tiuown mostly bam the 
west wall m a cuuo sloio on Iho beach Tho whoifinger aayB ho lusid a rumfalo bafoio 
tho ahook, ooming bom iho Boullusslwaid, and saw Iho aonmu wavo beveling shoie- 
wazd, causing a gieal ratlling and clashing when il slruok tha town. Two dnbnol panoda 
of vibalum wmo foil, Iho laUct boing iho holder Thcno waa vciy lilllo surf, tho water 
looking like dial in a tub wlum jouod A safo m the whaif odoo roHod 8 foot oasbwaid 
agausl the countm, Uum back again luud against tlio wall Tho wharf, attending 
Boafhoaal, Boomed to pilch lengthwise Mi W R Spiuigm, jowdoi, reports that out 
of 25 oLoda xapaned fay him, which had boon lnjinod by Iho shock, 20 had their pan- 
dulums thrown off 

At tho Santa Ckui lightrhouoo, a nom ns of a wagon aoanng a bridge prooodod 
every quoko Tho molum aoomad vcilioal na well na hoi i son Lai, fm tho gjlaaa globe over 
the i«np was j aired out and broken In tho euno-atore at Vuo do PEau, nothing an 
tho lowm flooT waa distuibed and only a few vases and piccaa of buo-A-bao an tho second 
floor wen displaced Tho shock seemed to came from the south Noaffcotantfaeauif 
was noticed 

(R Collom)—Qomg north bam Santa Crux, a small fissure ran northwest and south¬ 
east on the Boulder Greek road, about 0 75 mile nmthwaal of the California Powder 
Wmln Along tha lower end of this road wmo aovuol small and unimportant land¬ 
slides In gonad, the shock m this region does not seem to have been os nvere as it 
was farther math 

Road mlo Seolt Valley (B Bryan) —Following the road bom Santa &ui into Soott 
Valley, at a summer hotel the dhunnaya wme mocked all tho way down, bat wan abll 
standing, light objects an Iho first flam wme moved, and bureaus an the asoond floor 
did a foot oi bo A 1-story fisma house (at 68, map No 28) waa moved 4 feat or 
mom, and a piano and other heavy objects wme shoved serosa the room Tha damage 
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to the boon was bo nioiio that it was being tom down at the tune of obseivation A 
4,000-gallon tank (at 64, map No 22) waa moved and bunt open, letting out 2,000 gal- 
Iodb of watm At the houso murost it, the ohironqys weio mocked, but nothing inside 
had been datuibcd except aomo bottles, and no plaatoi waa mocked Houses in SeoLl 
Valloy hail about this tame amount of dnmagB, ohimnoyh were sometimes clocked but 
weio still standing, and plaatm did not fall 

Mibb Fmelte Loohe, of Boolt Valloy, lepoita that a man was thrown to the giounil liy 
the ahoek, and whon ho arose could not walk bocauao of the hu Ill's motion The x ibiOr 
lion was naithcast-southwart Evmyboily waa awakened, oil clocks wen stopL, plas- 
tming ana extensively eiaekod, and all chimneys woe broken About a milo noilh 
some chimnqya fell, and u one house 4 doaon jam of huit wme thi own horn ahelveb 
Landslides and macks uo rnpoiLod belsmen Scott Valley and Felton, and the dam acioas 
a small Inks was masked A statuette and a vaao Ml to the nmlhcast Tho largest 
chimney moved 2 inches to tho lunUieaal. The entire width of the toad to tho south¬ 
west of tho small lake waa splaalit with watci thrown out of tho lake Long billows 
on the lake extended noiUiwc&t anil southeast In an 8-foot trough oiientatml co&L and 
west watei was caused to away book and faith, but not pualld to the sides or the trough 
A neighbai who was awake hceid a loaiing noiso in tho nmllicast Much milk and 
omam aaa Uuown out of pons 

doing horn Scott Valley towaid tho town of Felton, the shock appealed to glow con¬ 
stantly lightei, some people did not oven get out of bed 

Fdton — In Uus villagu Uio shook was apiieicnlly lig^itoi Lhan at oiLhci Boiildm Clock 
oi Bon Lomond At Zayonio, some caul wood end some finci split wood, piled 8 feat 
high, wax not shaken down, tho aomo of it was mud to have been dibluibod 

(R GoUom)—Tho ahoek was only modelololy strong Tho damage comnalod of 
the debtiuotion of buck ehimnova Eaithquokc offeota at this pout me shown only 
fay tho damago to mbfieial abueliues 

rexadao to Butaao (Treat (II W Bell) — Li the Lown of Fmcadeio the shock was 
heavy, all but 3 bnok ehunniTB fell, anil but few buiklinge weio olhciwisc ila mn p ul 
Flabtoung was knocked from tho walk m mobt of the houses, end chuich bells weio 
lung All the wata-tanlm obscivcd wme still standing, and nono of the chinches had 
lost theu steoplas, (lio one chuich was mocked open Cricks weio visible m the sheets 
One man walking oaalwaad along Uio rood ncei Ftscadoro was tin own flat on Iub chest 
by the Gist shock, but jumpod up and braced huneelf m this direction, end was Hum 
Lhiown southwmd (hacks in tho load also appeared, and dual spin toil up Sovoial 
people wme nausoatod by the motion and aomo eoid that a noise as or a mul piccodcd 
the shook 

Going oastwmd from Pbasaduo, a small crack 80 feet long, with an east and west 
btiikc, was observed In an oiehaid near by thrno worn sevmal crocks, tho widest one 
measuring 8 inches, with a vmlieal displacement of 1 foot About 2 miles east of tho 
town, on tho nmUi lank of FOsoadero (hook, a landslide in tho dupe of a half-moon, 
its axis lying N 28° W, had dipt down towaid the bod of the eboam The greatest 
veitaeol displacement at Um top of Uio slide waa 16 foci, Uio distance fiam its apex to 
the iced about 85 feet, and Uio span from and to end along the lond about 220 feet No 
solid rock was exposed by the dido Tho road had dropL 0 feel at tho south end, and 
8 feet at tho north Only a fow ciacks appeared on the suifacc of the put which had 
dipt Tho made lying directly below the road had apparently lecotved xei> little soil 
from tho ImiHJiAi 

Along the sbetch of road boLwcan this elide end the town of Fcscadeio, there wme 
few macks in the road end the houses were u good eondiLion Tho only buck ehimnoy 
scon whs down The intensity was apparently the anmo as in Uie village, and continued 
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tin sumo along the ioed lending soulhaasl towaid Butano Cicok A 1-indi mack al 
the fnst fbik ol tlio ioed a nulo fiom the Lomi ot Pc&cadmo cxloiulod noilh and south 
foi about SO Cacti end a faim houso a milo fiulhcr down the load wav noaily shaken oft 
its foundalioin Dishes foil bom tlio '■helves in this houvo, and watci ooacd out of level 
giouiul neiu by 

(Q A Waiing)—On Butano Ciork llicio »eie slight ciackv in tho iond l and tlio all nuns 
woio muddy People baid the shuck was tell vny distinctly, and dislicv grncially fell 
Tho houses wine all liglil, low buddings, and wuic nut dnimigoil Al a aawmill a milo 
cast up Hus cicok, IIkmo wav no daiiugp, anil nlllio tlio banks bcsulo tho load showod 
tiocce of casing, Ihcic woio only slight cinekv, tho longest one being in tho middle of 
tho load above tho muck, naming N 07° E lm a dielanoo or about 60 fool 

Along tho mam load bom Butano Ciook to Lilllo Butano Check, then amass fay bad 
to Figoun Point, the samo ollocls wiao nobcad Neat a houso on the level orcok bod 
of Little Butano Cicok, 4 macks avciagnig J inclios in width and about 20 loot in length 
inn N 33° E Tlio only ciack noticed along tho tnul towoid Lius coaet wav 1 milo noith- 
wQbt of tlio ploco wlioio Lit Ur Butano Clock luine liom aouthwnt to noiLhwcsL, and 
wav about tho vomo longlli, but ion N 8° W 

Pom porno CioA toad Q? Iaiio) — On tlio Fompomo Cicok load, ohunncyv wme 
shakon Iml not dosbiijrd A big slide abovo tho last hnuvo IoilwI tho olwnvci to leave 
tlio load and lake the bad, which injoins tlio load a half milo failhci on 

Fuiu miles bom tlio town of FOwadoio, on tlio oast vale of a biulgo ovei Fooeadoio 
Crock, tlie ground hail sunk 2 rnblics and tho npciLuio filial by tho laud sliding 
A imlo ncaiei tlm town, tlio load hod diopt 5 foot, but liod been filial by a lug vlido A 
house at Una point was quito uitsot, but the duckon-hnuso nciu it won rail lal down and 
poilly builod liy Uiu lanilslulo On Eucs Cicok, noai its junction witli Prscorimo Cicek, 
a luflvulo hail sbulod to akilo and appaioully needed only to become rain-voakod to cun- 
tinuo Uio slipping Whciavci llirio wno buildings in thn loginn, no damage lied boon 
(lono ovrapt to rliimnqyv, whioli luul lalhu 

The Coast J)om Ihqean PanU to Ano Nuuo Bog (EE W Bell) —Al Figaan Fbmt Ilia 
Iniok liglilrliouso, 126 lecL high, sliowod a alight uock all Uio wuy aiound hisido, about 
40 foul bum Uiu giouiul Tluv mack dnl nut look dangmmv Anotliur mack 20 foot 
lugluu up dated bain Oecomlier 17,1004, Uic kaapai ovpbunod Tho huso of Uio podoatal 
holding Uio loin was slightly aaekod, but the lenv wav intact. In Uio liouvoa nonr Uio 
liglil-houso tho «lmp gn won digiil, Imck chimneys hod not fnllon, tho dighUy mocked, 
and the «mm nav buo or plaslcung A mile west ol tho hghl-faouMJ a few ditfiL onela, 
with a dncolion of N 28° W, wuo olwivod 

Leaving tho eonvl load at tho fork halfway boLwoon Jhgron Point mid Fianklm Pomt, 
and going along Oaaoa Ciook, Uicn soutlimly to Uiu erasing of Wluloliouea 

Oicck, tlion back again to the ocean road ncai Finnklui l’ouil, Tow bones of tho shook wme 
nolicoablo A mil landslip, 0 26 mile up Uio cavt side ol tho Blunt ciook which flows 
into Gasov, just w»t of Uiu folk of Un load which continues noithwcvlwoid to LitUo 
liiiijuio (hack, duiwol a 2-fool via bool displacement al tho top, and tho land bad ah— J 
into tho toad below Tina dido mcasuiad 150 foot bom its top to the load, and its 
at the load wua 100 foot 

Along Una inuto born Onios to Whitohouva Cicok, 0126 milo tie 
at Bcvmal hum houses buck chimnoya wcio down, howev Blighlly 
ilntmno | dishos biokon, ami plostmuig mocked A half mile iur 1 
Whitdiouac Clock the samo kind of distuibanco waa found Tlio 
nnii uim wiUi that at Poaendmo At tho Oaveade ranch, 0 25 r 
op-fai Crock, lho shock wee even ebongor than on Whltehouoo Ci 
oil their foot, chimnoya wen down, the house mocked, and no 



274 


REPORT OF THE CALIFORNIA EARTHQUAKE COlIlIIfiSION 


fH W Boll)—It was 1 spotted hao that along the Ocean Shots comtiuctioowoik neat 
Bolaa Pout, a ooucielo pips 21 incite* tu diamctoi and 0 incites thick, ombcdilcd in day, 
had boon oiasked by the bhock Thekeopm of tho Ano Nuevo light-horn* 1 bbj s a distinct 
lumbltng ptoccded tho shock, which coma at kibb tathei gently, Tallowed b> a liaid, con- 
luring disks A hi itk chimney in Urn house nesi by was mac Led and twirled 0 75 mob 
out ot place, but tho new tile and conoclo building was unhuit The ocean bocamo no 
loughci, but lutd a pcculiai gioomsh huo foi sovmal dsyb oTtm tlic shock At Pigeon 
Point the bliook wn* Ion acvuo, and liltlo ilainage was dons to tho buildings, altho 
oi at kb in tlic hglit-houbs, couaad liy a foimoi quake, woic opened somewhat widoi 
Polio wing tho load liom tlie Cascade Ranch aaoss towud Ano Nuevo Bay, the in- 
tonbity seems to have decreased At a house 0 75 mile southeast of whoie tlie oosst load 
uosscb Giconoakb Cioek, a tew dishes full, plastcung was but sbghtly stacked, and a 
walci-tank stood naif a mile nmth of Ihc mouth of Ano Nuovd (hook, tho buck ohun- 
ucy was knocked hom a house, plarLci war ciaokcil, and cattle wmc caused to slsggci 
Half a imlo soutliuast of wheio tho main iobiI eioswr Finnry (heck, a ledge of shale hod 
linn knocked into the gulch Hie laigObt piece which fell had an unhoken suifseo of 
uhout 4 squsio IccL Tho almobl housontsl Ctlgps ol thole beds neai a house at llur point 
wmo knockud down A long, iuuiow landslulc above a hours 0 75 mile noillicsbl of tlie 
mouth ol Waddoll (hock had landed against the ond ol tlie house, taking out a stiip of 
usitli below a spiing and causing a good supply of watn to irruc lorth This slulo 
appealod lo bo poiUy duo to the luge unount ol water picunt At tho house tho chim- 
noj wns cisekod, but dishes dal not lall fiom then placer 
Turning noiLh by a trail opposite Qiej'liound Rock, oudunecs of shout the same Inten¬ 
sity weio found Dead trees had fallen haul and there, but in no umfami dneotion 

108 GATOS TO 8AE JViK 

Loa Qaloa, Sonin Ckua County (I II Snyikn) —Los Gabos, population 1,000, is partly 
on a mountain slope and foot-hills, and poiUy on mei deposit It is smioundnd by 
lulls on thiea sides Los Galas (keek runs thiu the centn of tho town ham soutli to 
nmth The cailhquake shock was violent, but apparently not so severe ns in the erntiol 
pmlum ot tho valley Nouly all business houses wme damaged, and about ono-tlmd 
of llio plate glass honls was broken Much plaster foil both in Las Gatos and in tho 
buiiounding eouutiy Chimneys fell in many diRment direetians, and ncsily half of tho 
dntnagod oliunncys left standing wmo twisted About 80 pei sent of all the chimnoys 
a no desliaycd ai damaged Buck haute wme neeilv ell clocked, and one fell out 
Thao wcip about a doien upheavals of sidewalks, mostly on north and south shoots 
Gioacis and diuggibls lost quite heavily in bioakable goods 
The dueelum of the shock seemed to be m geneial nmth and south, altho theie were 
omlainly severe vilnaluma tram neatly all paints of tho compos, while some penone eie 
ooi tom that Lhoto nus a\citical motaon, Cbpecially near the beginning Aftm the shock 
waa ovei, out chandclici was still swinging violently north and south, a near neighbor’s 
lamp swung m the *ame way, another hanging lamp 0 5 milo west swung nmthsast and 
soulhwobt East and wert ahdving in stores suffeied rather the most, tho a ston m 
East Los Gatos, with ahdvoa nmth and south, suffered fully os much as any 
Of tho 8 pianos seen in Los Gatos that were moved, 2 went to the south about 8 feet 
and one moved east the same distance A small seumogiBph made several years ago 
woe in wmlang antes, but them was no recoid, tho needle having been thrown off fay the 
cxtieme movement 

Ur Lund, of Loa Gatos, was one of the few people outride when the duek came 
Ho is positive the premonitory roar came fiom the south and traveled to tho runth 
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Mi Don Picketing, living about a milo soulli ot Santa Chug, on tlu* Santa Clam and Los 
Gains toad, wra standing outside lus bain when In* licuil the souiul, which lio coinpucs 
to a stampede of eatUo coming ham tbo Boiilhuisl Ills lank and wind-null lell diagonally 
acioss tbo foundation to Ihu nailhwest, oltu sumying heavily tlucc lunis, hist to tlio 
noitliwnl, Uicn to the southeast, anil finally In tin* nuilhwcL lie stales that the 
giouiul 10*0 aiul lull in wave* a fool lugli Otlu*in icpniL llial tlio oiclundb seemuil 1>o 
hu ngilaled by a wavo-likc motion 

On tbo lancli of Di Tuns, about a mile finm Alma Station, wlicio Ilia land is lulluig 
and wooded, the giouiul was horned and tin* bolloni ot an aitilici.il lako wns uplieavod 
(Plato 1.10c, s) The eiacl* aiul flssuias, ul which there nio many, mn mostly north and 
soulli, and \uy m length up to 100 tael, aiul in wullli lioin 0 5 inch ai less to 20 inchai 
While a good many of tlio openings wcic paiaM to tlio blopes and uoia cniisod by Ilia 
giaund btaitmg to ahdo, olhois uost llit iiiodb and could be Liaoul somo ihstanco up 
the banka A baud feneo was nplinlacd wheio it amt a tnuno Tlu* upheaval of the 
lake was caubod by a closing logclhui of die biilca, diown by Lho lu*aving up ot pailb of 
the iclnining dam at the lawn cud ol the lake The use of tho bolloni is loughly 10 leet 

Unco of lho huge oometetu'b ol Hie Manta Gbira Vallov wine visited In the las Gatos 
Gcniolaiy, on tlio Now Almailen iniul, no monuments win. thiuwn In Uio Pnitchlanl 
Cumclmy, 075 mile 'OulliucM. ol Manta (iaia, 31 uuinunimls weie tluuwn down aiul 
mostly biokcn Ol these 10 fell to tlio aouLli In Uu* ('at liolic (Seiuotoi v, 0 25 mile neai ei 
Manta Qua, 20 monuments fell, ot which 10 fell to lho south The cluoc turn of the fall 
of monumunlb in tlu*so two ccuiotmun n> hao labulnLol 


N HI E fal b bW 

Plolnlul 8 7* 1 10 1 

(klholu B 1 0 8 10 1 


1 Of lliem, 4 bit fiom podmlnls wbuh luuiwl lu tlu. uisl 

In the Catholic GeineUny thira monuments wcio Luimul on Uioir liases, two elockwlao 
anil one counter-doc kwiso 

Tho Santa Qua oily watm-lowcr, with huge tanks on tup, lell to tlu* southwest 

(F II MrGullogli)—I was in lied m Los Gatos and was awakened liy the shook, which 
accmofl to lie a Yiolont but mogular shaking book anil loidi in a luutbeastHsoutliwMl 
duocLiOQ, ollho obgoots woio martuinod in an enstnly oi snulkeasloi ly dneelion A 
double bod on a polibliod floor lolled 4 fool fiom its pom Lion One 1u*avy maiUc dock 
wu thrown oil its dielf Oinamonlc and lniirArbrac woic tin own down Two talileb 
wuio turned upside down Plastering was clocked Qumneys worn eiaekisl o1k<vo ioof, 
but not t hi own In the town I could lieu of only ano chimney which was uiiinjuicd, 
00 poi eant of all chimnova wcio thrown down Watei in a laeaivou 80 foet in (luunctu 
and 10 feet deep was thrown ouL so as to lowoi die level ol tho watm nculy 2 feet 

Lmnglon (H B Johnson) —At the Lexington oakum, 8 nulra south of Los Gatos, 
very little damage was dono 

At the Avcullplaco, 15 miles wcaL of Wiight's Statum, a walm-tank was moved a foot 
toward the south A piece of boud camel feel long, which wu leaning against the 
tank-housa before tho shock, was aud to have been found wedged between the bottom 
of tho tank-honae and the foundation This would necessitate a lifting of tho tank-house 
m a vertical directum on that ado, whioh migjht havo been acaomplifihod fay the tank- 
borne locking from Bide to side 

8umml EM (H B Johnaon) —At Summit, a summei loeoit, the now hotel and 
several small oottogee wme all thrown toward the north The main fault fracture is 
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about 500 teet lunthcBsl of the hotel, and a seeondoiy sack Jim to it had a downthrow 
at fiom 5 to 7 teet on tho nmUi ot downhill aide The stock was about4 loot wulo hmo, 
and the line ot bactuie was poiollel with the dneotion of the iidgc The Summit scliool- 
houae ana diopt 4 feet downhill hom ite oiiginal poeilion towaid tho noitlicaat In tho 
vicinity of Summit scvual ledwood ticea were snopt ofl 

Juatnmthot Wiight's Station, on tho west bulk of Lob Gatoa Check, ihoiowaa a land- 
alula 0 5 mile wide which had abil into tho cirok and dammed it Tho top of this alide 
wnb naoi the Summit aohool-house and was cloeo to tho mom laull-kne Tho Hotel de 
Redwood was destroyed fay tho sliook 

IlVitf/if Station (Mies F 0 BoeJioi) — Miss Beeohci'e homo is on Lomn Pueta Atomic, 
on the count}' hue, 15 milm in an an-lino fiomWiighl’s Station The houao blonds on a 
iidgc at an elevation ot 1,700 foot Thao were 2 maxima m the efaorL, of about oquol 
intenuty The maiamenl in tho fliat was tiom aouth-southwobl to noilh-noithonat 
All light object* wcio Ihiown down Fuimtuic against south walk was Lhiown down 
oi moved out, objeota against olbu walls weio not moved ns much A wnn.il aquaio 
piano which stood a tew inches bom a noithcaal wall ion bock against tho wall to the 
noith with aufficionl Molanco to beak a knob off one log It than moved Wir iq t ts 
anginal poeilion, tlien 5 inches wusl Tlicu the two legs to tho noith jumped 6 inches 
south These movements wmo duLamined by tho mnikin upon tlio llooi A wash-basin, 
and a pitcliei full ot watai, in an upslaua loom, wmo tluown south, and tho basin was 
found with the pitcher standing in it, unmjuinl but empty A table in the muMla of 
the some loom Ml to tho noith A piano in a noighbming Iiciim, a heavy ii piigh^ ms 
moved across the loom to the noithcast 

All buck chimneys on the udge fdl, mostly to the nmlh Tices at tho foot of thoiulgo 
wcic bent ovm to (ho noith-noi throat llalf a milo to tho noith west of the house, a 
fisbuic 2 toot wide appealed, hom which bnd-amolling gas emanated Hie fissure iuna 
hom nmlh to south, and the oaiLh woa pilod up on the west sulo hom 2 to 4 fool high 
acios the load On Highland, a mile to the wool, a Sonne 5 teat wide was n pinwl at on 
altitude oT 2,500 foot A builtliug standing close to a fiasuio was cntuoly umnjuicd, wlulo 
olheiB a little foilhei ofl weic wiockod aiul ono collapsed Mast goad buildings m a belt 
0 5 mile woil of the houao wme vnaekod, while baina and shaky buildings stood liwwt 
15 milca west, a house apht opon. Gulches appeal tohnvnhecnopnhaclcd,asthfl *»Htff* 
crossing thnm show that they wcio squawed The banks of Buudl (hook appear to liavo 
appioaohcd ouch othei, ao UuL [ho mook has become vmy mnch naiiowed Wnlci-pipes 
wmo bLoken and tended, and filled with dirt Water was thrown out ot tanlm, but the 
tanks wme not mathiown 

Duung tlio shuck llio waves appealed to oscillate in a noith and south du cot ion at 
fust Thao woic at least 20 shocks dining the (list 20 horns after thB mam shock 

fluntfZ School (H R Johnson) —Nan tlio Bunell school-house, 15 miles sontheast 
of Wugjhl Station, a crack extends amow tho load by a Hwiwn ith shop and sliowa a 
downthiow of 4 tael on the noi theast The blacksmith said thoie was a strong odor of 
culfui fm 5 m 10 mmutca aftei the shook A well neai by hes had eulfut m the waftn for 
a number of yean 

MandlRanch (H R Johnson) —The Mmiell ranch is located 1 mile smith oT Wnght'a 
Station and is on the line of tho fault Tho home itself was built exactly upon a fissure, 
which opened up undei the house at tho lime ot tho oaithquaks Hie honsa was com¬ 
pletely wieckod, being torn m two piece* and thrown from its foundation (Plata 107 b ) 
Theio was an appaient downthiow upon the noithenat aids of the fault, os seen m tho 
oichaid, but undei the house the veiticnl movement was not ao appaient An espe¬ 
cially strongly consti uoted wina cellar built into the aide hill had tho uppa pm turn thrown 
8 feet noibhoost, dueotly away from the fault-line After the shook this upper pm bon 
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of tho homo mu left looting upon Uio vino Luna, and not upon its anginal » pnghfc sup- 
poits (fig 6U) The fence and load ncai tho faouao vrora most by Uio fault and aliowod an 
oITfeCl wliu.li indiaalcd a lulalivo movement of Uio aouUuraol sulc towud llio southeast 
(plalo 04 id Oiu fonco wns biokon apait, bnl Uio olhoi was mmcly howrd, duo probably 
to tho lpsisiuuio and ding of aciil on asioiu.il by a woH-packcd loarilwl Tlio fiuitrlioo 
lows winch cuisl llic fault-lino at uppiuxiinnto nghl anglco mno put out of nliiiciiiLuL 



>m lib -BaUiun ihiu «Imuj ■! Bluiull ibblIi Ulna and Him 11m 4mk 


A faoluio associated with Uio movomont of soil along Uu foulUlinc u diown in Uio 
accompanying akotch, fig 67 Tho "bpliiilonng 11 of Uio mom fiooluro lniacd a long, low 
ndgo amon which a mrok had been toicod to oul its way thru a vmtiaal d«fi»i«i of 16 
foot to got down to ilb onginal lavol 

Dalwcon Wright's aiul Alma Uio lailway Inok won buoklod (Soo plate 107 a ) 

(D B Joidan)—At Mancll'a loncli, about 4 miles abovu Wiighfa, a large 2-slmy 
lioiiao wiUi a wmg stood on Uio alopo of a bill The eant 4 Hii of Uu liouao was ™rah 
lnghar aboio Uio giaunil than tho 
wont, and blood on wuodan puns about 
7 fool high The aailhquako mack 
past Ihiu this ranch, a haiioh of it 
going uudm tho homo Tho main 
body of (ho liouao waa thrown to tlio 
anal, away bom Uio eraok, tho gimnul 
than slumping several loot aiul Uio 
houso being almost totally wiockml 
All thru Uio oiolioid Uio lows of tiros 
oio shifted about 0 fool, Uiaao on llic 
oast aide being fnrlhm noith, anil tlio 
oast aulo, which u downhill, sccnia to 
have fallon Tho maok u hugely open 
and m ana plan u fillod wiLli walm. 

Thu ehoulil bo altiibulcd to slumping 
A little feithcr on, the meek passes 

thru a giemy hill an which ihao u no _ uim 

dumping The Mmialle Bay that (his ' ~ 



hill has bean nuad What oppeaia to 
be the fact u that the oast aide of the 


il m BuflUur «nu.k, MouaU iaMh 


hill ovundea tho other The whole top of the hill n mom or lorn crooked for a width of 
about 10 foot The aaat udo u a little higher than the west aide, and it looks aa tho Uu 
hill had boon dioved together and lauad, tho east aide moulding About 1 mile beyond 
Monell'a houso, at the ond of tho ranch, than u a tdaolamith shop, and the load u moat 
by tho arock Ham thoie m a break of 8 or 4 foot like a watafall, the east aide bung 
the lower, but thu u part, I take it, of the genmil dumping of tho out aide of the arock 
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wheio it stands mai tho tavine abase WnghL Mon oil's place n light ovei tho Wiiglil 
tunnel, the tunnel anil the locks nnu liy being of finely biaLcn lock and 1 ei s jiiiu.Ii subjacl 
lo sliilcs and othei Incnks At Ficcls'n plneo, 4 01 A milo> noith ol Mouell's, some 15 
ones of woodland liave slul into Los OaLus Cieek, making a huge i>onil Them aic many 
olhei slides in llic ncighbuihood and many biokcn bon Faitlia oil, tho ciatk goes into 
Hmklry's Oulch, in winch tlio Tjoinarueta Mdls aic situated, and aiiu.li nio buunl unilei 
the sluice The sluk* wlnoh oblileiatul Fein Guleh at tikvlaiul do not seem to lias c come 
Horn tho ciaek, but siisn In lu* to lha west ot tho cnck 

lbou/ fan i mile* south of Wni/lil Station (Mi L E Das idson) — I was ramping in llic 
Santa Ciui Mountains My attention was fiist aitested by asliglitiumbluignoim, than 
the house licinliliil lot 4 oi 5 seeaniln, anil this w.is followed by a heavy idling motion 
almost cast mu 1 mist A lirnvy trembling eaine again foi scvci al seconds, then 1 lie licai y 
sluick Unit thiew down tlio chimneys Tables and oven chans uoio upset This must 
have lasted about 4 seconds, it then giadu.Uly died away The wholo timo must have 
liecn all of half a minute Duimg tlio day scveial slight shocks wao felt, about 2 h 
anil 2 h 3(7" r ir, two lathei heavy bhocks canto 
Ilia iidgc on which wo cainpnl won lull or ci.iokH, longing up to 2 and 3 feet m sudlli, 
ami in length horn a lew mils to 025 uulu, all licnibng west ot noith to noitliwe&l 
All chimnejb an this udge weie thiown down, sovcinl houses woio camplotoly wiookcil, 
blanches imo biokcn funn tho laces, alulc many ot the ticcs bioke in two and othcis 
wme upiootcd Hie i anyon bouth nl ua svns filled with landslides In this canyon tlio 
Beatification of the looks is plauily sliowu The atukc u nathwcst-souUunat and the 
dip is almost vcilical The clocks oomoulo in directum with the stuko of Uio blinta 
Cold watei sms flowing fiom oomo of tlio clocks I obtained a -nul l baltlo of ciudc 
od tiom Mi Sutton, which he said was dipt up bom the giound an his noighboi's 
ranch, neveial humliul gallonbof oil having lun out of the giouiul nnaotho caillupiakc, 
whcio theie liod been no sign of oil befoio 
SLytamt, Santa Ciu s County (T Wightinan) —Mi Wight man's lied Liavclcd acioss 
the morn to tlio south, anil he whs umlei lho impicssion that tho house was falling to tlio 
smith Koine lunws in Lin nnglilioilincxl lcll ooiuplctcly, and somo collapsed on theu 
fuuiulalioiib Hie two chiiuueyb ol bn lionse woio thiown, ono coming thiougli the 
null Homr )uiluies lumging nn oast mdls weio turned with then faces lo the wall 
Liugp landslides orcunnl in Uui ucighbnihooil 
Saqud, Simla Ciuz County iMiss M E linked —Tlic house is on the fiist high 
bench above tlie stinini in Hnqucl Valloy, with high hills to the north anil the cast 
At Die hist nunoment of tho raillu|uake, aliinincyH weie tin own to tho iouth, at the 
second, nuuiltl oinaiuents, Imokh in tho hbiiuy, liuil jois m the ponti}, etc, wisotluown 
towiud t lie nmill Mmur Imiisrs in tlie vieinily hail c liunno^ s anil olijcc ts paitly turned 
uiound Hide weie two maxima in (lie aliuck, tlie fust being the hliongei, anil tlio 
dun turn ol iiiovonusit wiia born noith to Miuth In the second put of tlio shook the 
mn\eiuent scorned lo be a twi-tmg one 

Chittenden (G A Wanng) —At Chittenden Station ovulcnrc of a most violent div- 
tuibonce was fnuiul Tho cottage of tlie foicman was moveil 5 inches westwiul, an 
uptight piano was thiown noithwcstwaid upon its bock, and electiio cbop-lights swung 
bo aft to bieak ogninst tho coiling A Jaigr tiaine daily builduig on undci pinning was 
moved d feet noilliwaul, as was a smalln building Tlio oil m a lot go lank was 
thiown soutlicaslwaid, badly bending the tank and smashing the piotecting shed 
(Sec fig 53) Tho laiiioad nlheo wan not moved tiom ith foundatiam, but the poich 
loof won jcikcd nraili elt and a 1,000-pound safe waa thiown oouthcastwoid upon its 
hack Hugo height enifa on tho aule-tiack, loaded with beans, wcio tipt ovm to the 
noitheostwaid. At the tuno of the shock a noitli-bounil height tiain was lunnmg at 
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about 30 railofl an houi, a Muni distance south of tho budge a\ei tin 1 Pujuin Alraut 
10 aaia m Ilia mulillo oT tho tiain acie thiown oil an both bull's of the tiavL Hie 
hack at lira southern end of tlic Pujiuo budgo sank fioiu 2 to l fuel fm a dihlanro of 
ISO yaitls, and botwoen Chittenden aiul the budgo the linek was bent m an 8 -sliaped 
ouivo ui brvtsal places llio cinicirle |aeis ol tlio budge nine ciarkcd, and (lie gianilo 
cappings sluflcd ns lx'liue noticed ftiee plato 05ii anil fig 4.1} Then* is mueli sidfui, 
oil, gas, and wain in the hills lune A iiiuikcd incirasp was uotwl m the flow of oil 
anil waloi, and iiumc gas aiul siillui lxtiunu associated with (licin It is said that "unco 
tliocailhquako 10 yearn ago small hliouks haw Ixtii loll null spimg, olion seven 1 enou^li 
to cinak eluinneyb, and a deep well boeomes inuiUlv 2 oi 3 clari ljefoio tliesa oecui 



HH-Mfihi Hum! al biilklinjp >11 blllmlM* 

Firty-two distmel slinekn wine loll iluinig Uie flay ol Apnl 18, and 32 that niglil 
Fiom 1 to A si locks wise fell evciy day lluscaflei up to May 10, and hum 2 lo 0 
uroiiunl rveiy night Two milch iinilh of Him Juiui, Mi Cnnlield’s house, ul llie fool 
of llioliilla 05 mile cast of llu> laid!, was moved 1 hhIiIv 2 liirhes westwaid, and (lit- 
oliuniiflys weip nmipletelv tin own down, but a house ISO yaidiwcHl of (lie fault, nlllio 
aaiiuleialdy shaken, appeals to hIuiwIIu 1 alierk lo have liecn li^s He\Ti e on lliiil side 
Am Jhim (0 A Wniing) —Tlic town laigely wapcil by vulue or 1 mug imsnlul 
giouiul A huge iniici wall al the Hun Juan Mission loll, but it was no doubt weak, as 
other pails id Uie building apjieni unliuil Only one m two cliinmeys ui tlua village 
fell, but in the lmtlom-land between Hun Juan anil Ilollistei Llio condition of tlic houses 
milieales a lu'aviei shock on Uie low pound. 

SAJfTA CLABA YAIUT 

Infoinuituin legutlmg Uie distiilmtian of mUsihity m Santa Claia Valley haa been 
oantnbutcil by a nuinbei of oImcivcib whabo niunca no given. wiUi tho paiHginphB deal¬ 
ing with the icspechve localilm lepnitecl upon by them 
NewatL (F Jfi Matthes) —Neaily all buck and lilo chimney? m tho village wao 
biokcn off, the tin action of thiow vaiuxl Pliuta clocked and fell in quantities an 
tho lowoi flooia of hotcla and aavoral olhci buildings Time aiono buokhoasoB In tho 
town, and moat of tho homo dwolbngB showed no ellccls cf llio shook Ailhodapotlho 
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watei-tank fell, the mippatmg ti ostia bang piactioslly demolished Hie tiack euffcicd 
a alight shifting m seveial plaeea until of the village. Clacks opened in the pound in 
the vicinity of 2 email wataeomse^ but on a lees extensive scale than that noted at 
Alvniado Some of them ciast the radioed track In evav case they emitted tho 
bluish wand (with the srata) that hod been found nooi the Alameda Sugm Mill 
In one place, 15 miles noitheast of tho villagB, conaulemble watei was still loll standing 
in dialtaw ponds Acooidmg to neighboiing ranchmen, thcao ponds hod not ousted 
pi 101 to the eaithquoke 

Cental uiUe (F E Matihe*) —The amount of destination heie seems gicatci than in 
tho neighboring tonne, but tins is m laige measure due to the piesence of a numbei of 
pooily oonstiucted buck houses All of these had Buffered aevadv, the nails being m 
part thrown down Hie bonk budding was xnoie aenously damaged than most build¬ 
ings, the walls bang poitiy demolished and the loaf having caved in With very faw 
exeeptiana all the buck and tile chimneys wcie biokm ott Window panes bioke m 
sevaal atores No aaeks m the pound were found or reputed The duection of the 
shock was not speed upon by the residents, according to some it was north-south, 
to others east-west 

ihsaion San Jo**e (8 Humw) —Nearly all uhinmsvs wcie thiown down, and plaster 
in houses cranked, the direction of the thiow of ohimneya and objects being chief!} 
from north to south Borne objects were rotated clockwise, and hanging objects wae 
caused to awing 

lnmgUm (F E Matthea) —Destruction similar in degree to that at Centaville 
Every buck house was mare or less extensive!} damaged, portions af walla fell in some 
lTiwfaunw , and oraoka in bnokwoik were common to all Hie huge buck and atone 
buildup of the Palmdale Winay Buffered more severely than any, and large poitiona 
of them will have to be rebuilt entirely. Only a few chimneys were left standing m the 
villagB Plootu mocked and foil m large Hakes m several houses Hie upper stones 
apparently Buffered less than the lower floors 

AfiZpifas (F E Matthee) —Nearly all chimneys were here thiown down, a few, 
including a vmy shoit one on the depot, being left intact Thaeare no bnok buildings 
in the villagB and tho destruction seems insignificant The hotel dipt on its founder 
turns, but was almost 1 spoiled at tho tune of the visit A small adobe house in the 
southern pert of the village was tardy demolished, it was known to be an old and weak 
structure A watei-tank and wind-null weie thrown down, support and all, about a mile 
south of town They fell to the south Anothai tank, north of town, appeals to have 
fallen to the west Several otiuu tanks in this neighborhood were found mtoot 01 
the two bridges over Coyote Creek, the northern one suffered some damage by displace¬ 
ment of end suppoits It was unsafe to travel ovei at the time ot the visit Hie south¬ 
ern bridge was found intact, the end supports drawing signs of but small movement 

Ague iw (F E Mntthes) —The maane asylum, consisting of thins tall and thieo minor 
buck buildings and some «"■]! frame shuotuxea, suffered very severely Every one of 
the bnok ebuctuies was Hnjnngwri beyond repair and will have to be entuely rebuilt 
Hie main buildings were long, 3-stoiy buck sti natures aitented north and south, 
with large piojeotmg bay w mdowB at their north and south ends These ware destroyed, 
so both buddings are open at their ends Hie fall of then walls caused the caving 
in of the roof, end the —flgp"E down in some plaeea of the floora Numerous lives were 
loot, m all 112 dead being found m tha ruins Hie administration building was partly 
wrecked by the fell of its tower, which crashed thru the roof end all the floors, carrying 
with it a number of people In naaily all eases the north and south facing walls were 
thrown out, while the east and west feeing wells were, as a rule, better pr e s e rved The 
shook eeema to have been north-south principally, judging from than data 
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Tbs tall buck chimney of the cngino house (100 fool high) bioke oil 20 feet above the 
pound and tell m a noilheabtaily diioolian, without touching any other atiuoturo 
Eloquently window-panes leinamod nnbiokcn in tlio lowm puls of walla whose uppoi 
pula hod been completely demolished (flee plalo 108v, n) 

The orient ol Iho destination i* in some moaauio duo to Iho use of weak moitu, tlio 
biiotb having, as a iule, talien scpualdy lallun than in oggicgalcs It is believed that 
woll-built buildings would not bavo autTmed Mich wliokralo dost motion as was witnessed 
here 

AZdim to Uiljnlm (0 F Zobinnn) —EndcncoB of the cuthquake at Alviso uo 
shown only by fallen olmnneys and cornices and by ciaoked walls of the biiok wuo- 
liouscs No buildings woie dciuolibhnl anil lililo tciioue damage of any kind was to bo 
noted Fiom 1,500 to 2,000 foot west of Iho budge ovoi Coyote Cieok, mocks crocs the 
load m fiont of tlio Boot landi-hoiiac, and aavend of them occur in the load loading to 
that house (Plate 140o ) Some of those oiaols uo about 0 mchca wide and have 
a gencial beat mg of N 48° W Immediately aTlm tbo outhquaka, water flowed fiom 
aomc of thorn and biougbt up sand, which was hcapt up about 0 inches high. Hie water 
(leased to flow after the second day 

Ncu the dwelling house an tho Boot placo, tho ground settled 11 inches on tho oast 
aids of tho crook Tho francs past undci Iho ooinm of the dwelling house and tlio 
build mg was putly thiown fiom ila foundation The collu bancalh it was filled with 
water to a doplh of bom 2 to 8 foot Thai a is a capped utcaian well m the yud of tfaia 
houao, and about this wall is a pool of water 12 loot amose The went aido of tho poof 
was lifted 1 foot lnghei than the cast side, and fnh wo&o thiown out of tho pool A 
hundied fed east tho fissures paal under Iho barn, nail tho pound solllcd on Iho west aide 
Watm flowed bom aaeka in tho yud and piloil up Band 0 mohoa high on both miles 

Pooplo hvmg nou Coyote Clock state that tho watu lose bolwocn 2 and 8 fed im¬ 
mediately after tho euthquake, and up to Apnl 20 the watoi in this abeam had not 
letnrned to its nmmal level At the budge ovoi Coyote (book, on tho Alviao-MilpltiiB 
load, tlio oonoido nbulmonla wmo llnust inwud towud nth other about 8 fed A 
pilo duven m tho middle of tho sticam, which had boon oul olf Inflow iho wabaJovdl, 
wea hflcd about 2 fed and now usqs above Iho wotci 

About 150 bid noith of this biidgo Iho buika or tho sticam ciaoked, tlio flmuica 
lunning punlld with tbo ohannd and tho land on the uook side did mg towud tho 
sticam (Plato 140a. ) Wed of the abeam, in an adjoining Add, watm using thiu 
crooks built up many ciatoilotn of sand (Plato 143a ) Rmulanls of tho vicinity stale 
that the water iobo 3 oi 4 mehes abovo the tope of those metadata while they wore 
being foiniad, end that il ccaaod to flow towud tlio end of iho aooond day aftm the 
cuthquake 

In tho load running nmtliaud along tho wed aide of Ooyoto (book flam Iho brldgB, 
many large macka oponed Five bundled fed north of the bridge the macks were 2 5 
fed wide and 8 feet deop when tho placo wea visited Apnl 20 Farther north tho cracks 
were vary abundant, mostly pu alld with tho road, and aomc wu o 4 feet deep and 8 foot 
wide A quutor of a mdo noith of the budge, the whole load wea dioved eastward Into 
the channel of tho crook, and with it a large number of willows and oottonwood trees 
that grow along the banka Just south of tills plane the road was broken up badly for 
a distance of 300 fed One of tho largest cracks m the road was 5 fed wide, fl fed 
deep, end nunc than 100 fed m length Hie bearing of the fissures at this plaoe was 
N. 23° W For the mod put the principal footmen were approximately parallel with 
Coyote Greek 

At Mrs North Whitcomb's ranch, an tin south aide of tho Ahrlao-Milpitas road, be¬ 
tween Coyote Creek and Milpitas, the prune orefliard was eraoked end the ground shifted 
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at seveial places The isnoh-house, of ooncieto with a wooden uppm staiy, vu clocked 
scion the noithwcit eoinci and settled alighUy on the noithwost aide In the baok 
yatd weio fi*suics 1 tool wulo, i mining about N 13° W, with a downthiow of 1 Tool on 
the east sido Some of the piune tiros m the oicheid oic 2 teet out of ■lmnmnn+. | and 
some a* much ns 0 feet Ihc lateiol displacement heio shows a lolativo movement ol 
the south side townid the entt Ooneidoiabk send was hi ought up by watei flowing 
bom the cinclcs in thii oichnid 

In the (own of Milpitas all the clnmnns wcip thiown down, as wall as 8 fiamo build¬ 
ings The hotel fdl fiom iti umlcipmmng and sank bodily about 3 feel Tho atirots 
neat it wuc uut dnhnbod 

IVai hi S/Hingi (G F Zoflinan) —Hip Wmin Bpiings Ilotcl, a laige 2-sloiy build¬ 
ing, wot but Jighllv damaged, only a little plostai felhng No buildings waio damaged, 
bejond the falling ot two chnnnovs 

MxlpitOh-San Jove Road (G F Zoftiuan) —About 0 5 mile south of Milpit—, qq tlio 
Milpitaii-San Jim loail, aaeLs wcic ioi nicsd acioss the toad They did not, ho woven, 
apiieai to have anr definite dueclion, ami weio so small that no lataal movement eras 
discernible At the County Alms Houso, about 1 mile uuth of Milpitas, turn chimneys 
weio thiown down and consulciablc plastci full On tlio noith sule ot the budge which 
oioases Coyote Rim, on the Son Josc-Milpitas load, some clocks weie found but they 
wme evidently caused by the sliding ot tlio h™!« Tho biidgo was not dammjwl 

The damngo m the soclion of country lying between Milpitas and Son Joso was iiouly 
umtoim About 90 poi cent ot the chimneys wme thiown down and m ell houses iliiu. 
weie plasteied considciablc plaelm fell Ailioleb in tlio house* weio thiown ovor, mil 
much waLei and nulL was spilt, all ho it docs not appeal to have been m any pellic¬ 
ular dueolum Clacks like those which wme obsmied in tho giound an the Mdpitas- 
Alviso load leappeniad on both bides of tho Coyote Rivoi at intaivals all the way to 
Son Jo« Allho they oeeui in a gcncinl noith-south dueclion, it seems piobebio that 
then oiigin was duo to the unstable comlition of the alluvial deposits which undmlio 
the valley 

AZhin Rock Road (G F Zoifmon) —Stalling fiom Bon Joso and going townid Alum 
Rock, it was obsonail that the shock hail rlocicased fiom an intensity of IX at Bon Joso 
to an intensity of VI at Alum Rook No macks weio found between Ooyato Cicck ami 
tho mountains, but in the valley at least 00 pel unit of the oliinmoys weie thiown Al 
the mouth of the Alum Rook canton, a count ol tlio fallen cliiiuncve icvualal the fact 
that the pci een ta g o hod diopt tu W At Alum Rock no clumncvs weie damaged nor 
hail any mo\ ablo objects been aim turned, allho the walci m sulfui baths had bplashl 
up alioul a foot on both sides 

Calamus Valley lo Eceupcon and vicinity (0 F Zoflinan) — Gamg fiom Milpitas 
tow aid the Cnla\cias Valiev, chimneys weio all thiown down on the flat huuls between 
the village and tho teat ot tlio guide lcochng ovei tlic udgo to Ctiaveies Valley 

In Clolaveias Valiev ell tlio buck chimneys wcic thiown down, tho thmc woe only 
a few m this vollqy No demago to houses is icpoitod Mi Hedsdl, m clioigc of tho 
piopcity ot the Spnng Volley Walm Company, which has begun to annuli up t n «lm 
at tho ninth end ot tho vallev, slates that thcie was no bhifling of the etiata m tho tun¬ 
nels, and that no damage had been done tho pioputv 

Between this place ami tho head of Alum Rock Canyon, tho reeidouta stated Hint 
ciacks appealed auosb the lootl m sovaial places, but oltho this was m the pioximity 
of the Calaiuns Veliev fault-line, which paves thiu due legion, it waa not possible to 
veuty then etotements Mi Robmt Inglcson, wlio Inca in section22, an the lidgp 
east of Calaveias Valloy, icpmta that the bhock was not eeveie then A lnwg ■innrim 
bottle standing on a table m his house fell ovei, but a lamp an the **hla was not upset 
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Watci in a hnisc-tiough spill out, and tho tiooB wnvcd as if theic liorl bom a until 
The eaitliquala 1 consisted of two scpaialo shocks, accompanied by a lonung Bound that 
seemed to come from the noi Ih 3|mngs ncni liu house beeaino muddy altei tho shock 
and ininiunnl so fro 2 01 3 days Tlio (low of tho spimgt mciensed to about foui tunes 
the usual amount 

Along the load down PcncLcnoia Check, a consults ablr amount of ddlnis had did mto 
tho load, in many plum obstiuoling all liavel cxoepl foi pcdcsliiaiis, but no avulenoo 
ol ciaeks could be found 

In Uic irgum bcLwrrn Alum Hark and Eyriguvn, nlxmt ,10 pei cent of tlio chimneys 
wcio tin own down, but none ol Llu. Imilduigs weio main mil y ebunagnd 

\s the tfauila Claia Valiev was once mmo appiuot lusl, llu* mlematy of the riuxk pa- 
cepUbly meicascd At Evrigiocn, ahauL 15 miles fiom the lout-lulh, oonsidoiablo dam¬ 
age was done, all the clumuuvH, all Uio laail tanka, anil neaily all of the wind-nulls m 
llic ni'ighhoiliood loll None ol Iho liousos wcio demolished, but homo wcio shifted an 
tlieu foundations 

(II R Johnson)—The Pioice laudh-hnusa, 3 miles southeast of Evcigiom, was 
bully sluiken, piaster and elumnoya wmc down and much cliinowaio was biokcn Thu 
house is on the giavol of the largo alluvial rones which have been biull oat along Iho 
southwest face of tho Mmunnmt Peak Range, wlieic the atieain debouches upon 
the plain A wain-tank fell noitheast ami southwest whom llu 1 Tully laail crosses 
tlic Cuyule Rt\ei 15 miles northeast of Oak Hill Cemelciy 

At tlio Maync lanch, 8 miles mulk ol Oak llill Oniielciy, where the Now Almadon 
Railinail masses the Downci loail, wain horn lunkn anil bough* wan spill in a ninth- 
west and aaullicasl duoclum To Uic west of the Moyne loneli, at Uio Downei ianah, 
a waLer-tank ldl to the west Mi Downiu said Lliai milk in pans was spill in the 
mine duocUan 

At Uio Fonodat innch-linuso, on IJagas Cheek, 7 miles soulliwcsL of Maili one BlnUon, 
only one chimney Call anil no dudiai were labium anil no docks alopl This plane is 
only 3 5 inilea noilhcasl ol Uio fault-ltnc anil is siliiaUsl dncoUy upon lorlu of Urn Fion- 
cisran sciich 

Tho Hamulus tundi is 3 R imles sou 111 west ol Mailiane, on Clio Mnihane mail Tho 
aliook was quito heavy aL Lius plaoo, the chimneys wcio Uuown down, dishes biokco, 
and poi Lionu of wliat appeainl Lo he quilo noliil anil iiuissivd lock ouloiops wne tin own 
horn the Bleep hills naai Iho house HouUi of llie Hauiuleis place, 16 miles, a water- 
tank was Uuown down 

Santa Claia (G F Zullman) —Neaily all llic buck ihmmcyH weic thiown down anil 
moat of the bnok buikhugp wcio damagrd At Santa Claia C'ullego Uie rnlaiy motion 
al objcels was dumn by the luinuig ol slalucs ui llie cliain 1 ! lluu an ang|o of 130° In 
tho binary ol tho saino institution lour niaible Mallies, with Equate bases, ldl in Unco 
diffmcnt diiooliaDB, one fooiug 8 87° W, anoUun laomg N 87° E, fell lowaid each 
othci, while tho othcia, facing, ics]ieahvdv, N 3° W , 8 . 3° E , fell N 3° W Frofabooi 
Rioaid, cf tho Scumca Depot lincnt of tho Collego, slatos that Uio vciUoal movement threw 
a wmd-jpgo out of a socket a foot deep This wne Uio only avidcnce at Uie OolLcgo 
of vertical motion 

Cemetam (G F Zoffman) — A count woo mailn of Uic number of tomb&tonoa thrown 
down m tho Banin Claia Ccmotciy and tho vaiious dnoclions in which they fall wcio 
noted Fiom theso obscivalians it scorns that Uie ahook was dightly mare mtonao 
toward tho oastcily duoctum than ton aid tho wmtcily Twenty-five hoadatonna wore 
down and then lapochve duactuma of falling worn, 8 N 17° E , IN 83°E , IN 87° E , 
2N 62°E, IN 77°E , IE 17°S , 18 58°E, OS 28°E, 3 8 23°E, 1S.8°E, 
1S. 87°W, IS 42°W, 1N.88° W, 1N.73° W , and IN. 13°W 
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At Oak Tbll Cemetmy tho laigci peioaitoge of tombstones fell u an Gtoteily dncation 
Out of 34 monuments oveithioum, 2L fell taiwaid the cast 01 ncaily », 0 tow aid the 
met ar ncaily so, and 1 towaid the math oi ncaily so, 8 fell urnthcast, ono fell noi tli- 
west, 1 tell eoutheast, and 1 fell southwest Out of 0 lounil monuinenla Lhat wcio noted, 
4 fell tow aid tho oo&t, 1 northwest, and 1 noiLh Brnce thcao could fall in one duration 
aa quickly ai another, it ie evident that the gicateat movement of tho quake must havo 
been towaid tho east at Una poiLiouIm place 
At tho Catliolio Oemotci), about halfway between Ban Jose and Alum Book, only a 
few monuments wcie oveiturned, they fell as lolloira 2 noith, 3 south, 1 noithweat, 2 
east, 1 west, 1 southeast 

San Joss (G F Mmm) —The earthquake throw down many buck and stone 
buildings (plates 108c, n, 100 a, 110d, 111, 112,113), uul with the exception of 4oi 5, 
Hnmngn d *11 tho tost of the buck buildings, inoie or lew (Plato 110V) Tho damago 
tinn« to flame houses was pioportionatcly far leas FoiLy building* wcie counted, 
howevei, that weic thi own off then foundations and damaged to a gioatei oi less ovtont 
In many instances those buildings weio completely demolished (Plate 1O0 d ) Nu¬ 
merous wind-mill*and tonka eapsuod, while at least 95 per cent of the biiek ohimncys 
thraout tho town toll Movable objects, such as pianos, wme in mo»t canes wheeled 
out into the loom, but ibeic did not appeal to be any gonoial di loot ion m theu displaeo- 
ment Water and mud m many instances aie lcpoitcd os havmg spuilcd horn tlic 
artesian wells, but in a few days they tesumed their noimel oandilum The plate-glass 
wmdowH an tho south side or Fust Street wcie ciaeked much inoie than those on tho 
noith Bide This phenomenon was not noticeable an tho oLhoi stiocts 
Data waic obtained of tho duoetione m which the chimney* M fbiuout tho town 
Aftei tho data wme aoUacted and taVinlnioH M ahown below, it became ovulcnt that 
chimneys usually foil with the slant of the iooEs 
I n aider to gi oup the dueotume m which chimneys foil, tho cuolo was divided into 8 eoo- 
tara, of 45 degrees each, atarting fiom the beaiing ot Fuel Btirat, namely N 30° W 
The gpmualdneobans of these eooloiB oio N 15° B , 8 15° W , S 75° E , N 75° W , 
N 00° E, N 80° W., 8 30° E, and 8 00° W Then tho ducdion or tlic rallnig 
of a chimney whs taken eoooidmg to tho Bectoi toward whioh it fell The stiaots in 
tho mem port of town run mthei paiallcl ar at ligjht angles to Pint 8ticct Bmoo the 
bcoiuig to Fiiat Btroet ie N 30° W, that ol Santa Cloia Sticct (at right angles to Fust) 
ie N 00° E Qcneially the dent ot tho loota of tho houacs that Tooe those two sticcls 
will be N 80°W,S 80°E,N 00° E, amlS 00° W, ie*pcctivdy It was m those Tout 
general drrecfcana that the greatest nuinbci of ehinmeyB wme thiown over Tlic eight 
general diiectiane aio os ahown an tho following table 
SunliMU V Am of (Aunryi 
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(E G Jones)—Thmo was onlj' one bioken gas main In San Joao, oanaed fay the high 
nail of tho building falling over, the biioka pono listed thiu tho soft oaith to the main 
and bioko it At tho gas station, Lho buck lcloit hnuac was vciy badly damagpd The 
noith and south gable ends 1611 out The lniok woik at ell 4 oaincib loaaoned fai about 
10 foot down to whcic lho loof Uiuacs aio anchoiod in Lho walla The aupcilicatoi of 
one at tho gab-making machines soltlod on tho south sido so that it waa 2 mohoa out of 
plumb Tlic weight ot tliii machine is about 78 Iona Some of tho eaat-uon oauiioo* 
luma in tho building weio bioken 

The puufying house, also of bunk, was totally deslioyod, all tho walla and the loot 
collapsed, caiiying llio moclunoiy to tlio giound anil dobtioyiug it The ldiof gaa- 
holdoi waa full ot gas at tho timo of Lho caithquakc and waa badly damagod Two of 
the oa&t-uon columns weic broken olf in aovcial placca, poiLuma of the tailing foil thru 
Lho mown of tho gns-lioldm, pciinitling Lhc gaa to escape Tho disUibuLmg holiloi 
waa thioo-louilhs lull of goa at the luno of Lho cat Lhquakc The movement throw about 
12 inches of Lho watci out of tho holiloi tank The caiiiagcs an tho lowei aactaan ware 
all bioken, these being of cast-uon The uppoi oaiiiagcs, made of wiought non, wmc 
attained but not bioken Conndciing tho violcnoo ot tho di&Luibanoo at thia point, it 
in Buipusing that tlio mama did not sufTu moie than they did, but tho bicaking off of 
pipes m the buddings anil tho mushing of maLcia uniloi tailing houses noocaaitatod shut¬ 
ting oil lho gas thiuout Lho city foi 24 houis 

(W 8 Piossor, 0 E)—Ovei tho Sun Jose area, os a whole, tho wiookago aocma to 
have been thioan in all ducetuma, but in cm Lout places soino slight system appeeia 
It seoms aloai that no statoincnt as to duocLion, amount, oi oven duiatum of motion 
applies to mmo than a limiLed aica The only oleai carts of lotary motion aeon fay me 
weio Lwo coses ncai my homo, 2 miles noi Lhwest of the oonlm or town. Qno tank-houao 
turned exactly halfway toimd, as well as upside down, and one chimney turned about 
4 inches, both in the dncclion of tlio hands of a clock Both lolaiy and voilieal motions 
wmo lelt by many, howuvm About GOO yaida fioin mo ia a aquaio bnok fonco-posL 
7 feet high, ol which 2 feet moved about 8 inches to the southeast (S 44°E), esiaUun, 
tlio bottom ma\cd the lcvarse way On BLovena (hook load, leading southwest fiom 
San Jose, 5 oi 0 watm-tanks on the roadsulo fell Ouo of those aoomod thrown to tho 
iioithoasl, buL othcis weio twisted ami scattoiod as lho by a mixture of all motuma In 
aomo places most of tho buildings, parhaps, foil to tho noith or northwest In China¬ 
town (noith ot San Jose) it was tho noith and south buck walla (hat fell In San Jobs 
moat of the clocks on east and west walla did not atop, hut many of thorn on north and 
south walls did, showing an oast and west motion Tho biiok 7-foot wall aiound the 
yaid of Nfltro Damo School in Son Joao, on the northwest sido, fall, but that cm the south 
did not, altho it was mocked The bLieots in tlio cantial paitof San JoaeiunN 00° E. 

The amount of motion diffoia gioatly In many oa&CB buck woik aooma to show a 
sharp blow of 2 inches, somotimoa moio The insula oast and woat wall of the Gkty 
Hall has a mack of 4 inches Tho front of La Mott IIoubo (oast and wort) moved m 
aomo places 2 inches, in others 4 inches The maatm clock in the Western Union Office 
(on the giound floor of a luge bi ick building, and on tho east and west wall) did not 
atop, but tho pendulum sbuok both sides of its oase many timco end with great vLalenoe, 
battering off tho varnish It ia long (piobahly boats aeoonda) and had to move about 
4 makes nuno than usual in oidoi to atiikc the ease 

About 5 miles south of San Joeo thmo wmo said to be two tuba of water an the ground 
a few bundled yaida opart No 1 had moat of tho water aplaaht out) but No. 2 ap¬ 
parently had lost none No 2 ia nearer tho hills, and bedrock ■ nearer the surface. 
The ad tank at the comer of Stooktan and Folhemue Sheets, 1 mile northwest of San 
Joes, aplasht over. Many water-tardm did tho same 
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Savetal good obonvaa out of doais ue positive that the none of tho quake from 
tho southeast and died away towoid Ban Fiancisco In tlie afternoon of the 18th, my 
wife heoid the nouo of a shook and called out befae we folt the ahook iW?ll Tho nuiie 
seemed to come horn the louth or southeast 
Many persona aaw waves in the giound Sifting out exaggeiations, thro appoaiod 
to be lather moio than a foot in height The host obscivm estimated the dhlonrc fioin 
nest to eiest at 00 foot, othms at much lees, but I think tho waves must have been 
gieatoi, foi thcic is no evidenoo in long biiak walls showing any aueh veilieal macks aa 
would have been pioducod by ahmt waves 
Six miles southwest fiom San Jm, a goad obseivct desoiibcd tho waves aa poiallcl 
with cei Lain tiee-iowa which aio not Uicoat and southwest, and ’staled tliat the waves 
moved fiom him at light angjleb to tho lino and towaid San Fiancisoo Six miles noilh- 
wost fiom San Joao, a man Looking aouth aaw the waves (whioh he thinks weio oast and 
west) coming towoid hnn, nod hence towaid San Fianciaco About tho of 

the quake these weio met by othci waves, and the whole suifoco lciemlilcd lnllnp.U , 
oi oiasa-acas, while tlw tico-lopb waved wildly To tho man southwest of Son Jose, 
Uuwevsi, tho tops of tho ticee weio almost still, while tho tiunka waved sinuously Nooi 
me is a piece of giound 10 by d0 foot, laioed about 7 inches, while about 160 fact south¬ 
east ol this la an aioa about a yaid aquoic which diopt 0 inches Possibly those lcpiu- 
aent tho eiost and hough of on caith-wave 
I Cbtunato tho dmatum, I think dosoly, at between 60 and 00 aeoonds 
The wella of tho vicinity seem to show slightly lnoioosod flow One 80 to 100 feel 
deep has been a little i oily since the quake, and one ncai San Joao wnai cpoi ted oa having 
inmcoaed tho day bcfoio tho quake 

(M Connell)—On Iho faim of Mi Pox, 8 mika north of ftw Joao, tho water pipo of 
an oiteeian well waa bioken olf 00 feet below tho nifuw anil aaniod by iho hoavo of 
tho land in a noithwostcily dnaction 1 foot fiom ilb oiigmal position 
County toad aoulh qf San Joao (JU R Johnson) —At Sohutien Paik, 2 miles eouth- 
east of Son Jose, tho shook waa felt quite aevoiely The load house was badly shaken, 
but vciy littlo glawwaio was biolcen in the bai-ioom A 12,000-gallon watei-tank waa 
shifted slightly on da foundations At this place tho Jhat put of the shock was Lhouglit 

to be quito light and iho second put heavy, the gmaal motion was raid to bo fiom oast 
to west At tho 6-mile house, fhithei southeast an this aamc rood, thoio was liaidly any 
damage lopoited Even ploatei in hoimes did not fall Thao was also littlo Hamop i 
ot tho house 0 6 mile southeast of tho 5-mils house The chimney did not fall, but 
dishes and lamp-shades weio btoLcn Tho movement eras to bo noithwcst- 

bouthcast m du action 

It waa stated by Mr Russel, of Edenvole, that tho shock waa litfitci thcio than at 
Son Jo* A well-conatructod bnok building, which waa budt 8 yaaib ago, had tho 
roof loosened and tho end wells wmo clocked About 8 6 miles southmst of tho 5-milo 
house at the Van Every ranch, a chimney fell, plaster on tho flnt float was badly 
oiacked, and furniture slid around upon tho floor Water was spdt fiom a and 
a watei-tiough 

Just nm thereat of the 12-mile house, when tho oounly toad aroBses to tbe Fisher lanch, 
them weie oiaoka from 2 to 0 mehes wide in tho eoame giavdly bottom of tho Coyote 
River Thae waa evulcnoo of water having been ejected from these nocks, oa there wmo 
heaps of clean, fine mataiol bimoimdmg email onfnea It waa mid at tho ranch-houae 
that muddy water came out of these openings following tho Jmeh TTnir a mil- aauth- 
eobt of Fishar’a, a water-tank waa down 

Half a mile south of tho 16-mile house, the Barnhart nnohhowe, whioh wm set upon 
wooden u n derpinnin g, waa thrown fiom ita foundation, ao that it rested dnectly upon tho 
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giound, 4 foot fsithci nmlh than its piopei place An did bain and water-tank weie 
uninjuicd al this some place 

A quailei of a mile south or the 15-milc home, on tho county load, a vmhu-iank vu 
t hi own down Going 8 uulca noitheoBt fiom the 16-nuIo house, Wcbbci'n old lanoh- 
houBC was visited Ilao baled hay piled in a bain was ahakmn down and dooia leaning 
againsL the home wne Ihiown fiom thou position Water m both tho mock (Coyolo 
Bisci) and a wall waa muddy afloi the shock 

(H H Johnson) —Going nmlhcabt thru San Felipe Valley to Smith Clock llolcl, 
baldly any evidenec was aeon of damage ham the shook At Smith Oiock TIoLul no 
china noi plaslci waa bioken, but two ohunneys woio thiown down 

Lot Gala* to G\bay (G A Waring) — Near Meridian, 8 miles west of San Jam, aovual 
cottages wcio shifted fiom then foundalioDB All water-tanks on open frames foil, but 
those that wcio booided in stood Tho walai boaamo muddy ui bovoib! walla One 
lad} lcpoits seeing waves traveling southward along the duvoway, and a man ropoita 
arcing a heavy wagon move 4 oi 6 fed back and faith bcvcial lanes, along tho duvoway 
The blioek began violently and ended suddenly The mlonsily dinunished unifoimly 
lioni Meridian towaid Campbell At Campbell, b8 poi cent (81 out of 80) of the chimneys 
fell, buL the pkblciuig in tho houbca was not badly mjmod Fiom Gampboll lownid Los 
Gatos tho intensity slightly inmaaaed At Loa Gatos 78 par rent 0)7 out of 86) of tho 
rluninoys foil At Lho dialillciy 4 nulcs went of Los QnLus eonadciiihlc iliunngc was done 
The Bocand llooi was moved about 18 inches towaid lho lunlhcaut, causing the wall to 
bow out on the multicast aido Many of the laigo vata lidding 2,000 gallons wcio shaken 
ofT Ihm auppmla and aovoial wore biokcn by lho folL Tho shock in Lm Qalos, howuvoi, 
was not so sudden oa to cause boiioub injmy to biiokwmk or plaatoung The busmen 
pail ol llio town is built on 40 fool of gmvol ovnilying ahalo Only two atonca In lho 
Los Gatos Ccmeteiy sum shifted 

Al Alma the shock waa of obonl lho aanio mUmenty oa al Loa Qalos Milk m pans 
sms manly all Liu own to the ninth and Boulh Tho MonaH houao (hoc plalo 107n), 
ncai Wiighl Slat ion, is ducotly ovoi tho fault and aulfcred moio than any other plaoo in 
tho vicmily of Wu^hl Btalion, lho at least 6 other balklmga betsram Patohin ami Sky- 
land wcio badly snccked Going fiom Loa Qaloa Losmid Edonvalc, the riiork sraa somo- 
whal lighlor than al Los Gatos, judging by lho cfToct on chimneys, plastciing, oiul niov- 
ablo objects, but at ISdenvalo it sms a lilUo Btiongn than al Loa Gatos, oa shown by the 
damage dono to the laigo bnok oannmg fhcLoty All tho walla svno badly oiaokod and 
the lops of Uio walla felL Tho top of tho fin-sroll abovo the loof sma shaken dosm 

Continuing to (ha southsrest thru Coyote, it sma about Lho aamo oa at Loa Gatos, 
diminishing a little Uuu Madrono, Mioigan ILIl, and Ban MarUn, whom it had about lho 
same intimity is at Loa Galas Neat Coyote a man lopoita having aeon a nnrLhsmt- 
aoulhcast fence move m wavo-like foahion, beginning at tho southern and, and he hoard 
a rnnao coming fiom tho southeast and seeming to pass over him Anolhei man diivmg 
along the load near Ban Marlin, hoard a ioot and his homo bccamo fnghtonod, befaro the 
shook came Clouds of dual araaain Lho toad and tho eieoknoar by sma rendered muddy 
by the shock At Mioigan Hill about 84 par aent (18 out of 28) of tho chimneys foil, 
and a 1-ataiy conorcle-hlook budding was badly damaged, the whole bant having fallen 
out A 2-slory roenforeod ooncreto-Uock building waa not damaged 

At Bucket, 8 mika noith of Gilroy, the ahook accma to have lwm about the aame 
Theaahool building sma badly damaged, and aavual windosra srara hroken by the tsnatlng 
of tho homes At Gilroy nearly eveiy chimnoy fell, fire-smDa of bnok buildings srara 
thrown down (plate 114 a, b), and shelf goods wore largely shaken dosm In tho Masons 
and Odd FeDosra Cemetery, out of 120 atones over 8 feet tall, 81 foil A cylindrical shaft 
fell north, and a square one fell south, but all tho real fell east or sraat, tho the tall dabs 
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necmsaiily fell east or west bocnuae they faced east Tiro marble shaft* about 8 feet 
fiig h too broken ofi halfway up, tho lowoi put and base being unahifled In the Cath¬ 
olic Cemcteiy 10 atanea out of 67 fell 

In the hills between Los Galob and Gilioy the diode aecma to ha\o been aomewliatlna 
eevere At the Now Almaden mines, the tope of 2 buck furnace chimneja, about 60 
feet tall, were hiolcen oft, but the fuinaoea wue unhaiined and the undergiound wmk- 
mga About 70 pm cent (10 out of 28) of tbe ebrnmeya m the aetllemont hcio 

(Hacienda) aero broken off A loud noise like thumlei laiepoiled to have liavelod noith- 
wud down the ennycn, Huri.m«tly piecoding tho shock Hus has often boon baud BincOj 
■anmm gly undmfoot, even when no shock baa been felt 

Southward ham New Almaden thiu tho hilh tho houBee on alluvial land sufleied notieo- 
ably moic than thn— on moio eolul ground From Uvaa wealwaid to the summit, the 
miPMity rapidly leeo aa llie fault was oppioaehed Two miles west of Uvaa F O, and 
half a uni* east of tho summit, an eait-and-wcst alone wall, budt of loose bouldoia, was 
thrown mostly northward, wntei was tluown horn troughs toward the north, and all 
ataeama were muddy for 2 days oftei the shock, while in wet jdaces there waa a noticeable 
settling of tho ground 

Southward horn New Almaden along the eastern side of the valley, tho shock uniformly 
iwpnirf m ita intensity thiu Old Qilroy and Ban Felipe to Hblliatei At San Fdhpc a 
huge alone cheese factory was not damaged, except fm a few ciaoka Tho lake 0 6 mile 
west of the village waa considerably Bluicd up, and watoi Eiom a full toad tank waa thiown 
60 feet aero« the load A conudaiablo rumble was houd all thiu this legion, one pci- 
Bon aaya it came from the southeast, hoveling down the valley, another says it oame from 
the southwest 

Along the ladioad track horn Qilroy to Sargent, nearing the fault, tho intensity roee 
oonsidniataty, but the motion wne a alow, swinging ana Water was all thrown from 
leeervoln, and tram swayed violently, but plaateimg and dialf goods autloiod littlo 
At Baigent ell loose objects too thrown about, but no buildings too shifted 

(A J Champeuz)—About 00 pci cent of the ohimneye m tiilioy foil, tho pi availing 
dueebon bang cost and west No flame houses were thiown oft Ihou foundations 
Bnck while were damaged at the top by tho loll of 8 to 20 courses of buck Moot of tho 
plaatmed houses suffered by the (Hacking of plaster No creeks worn found in roads or 
pavements At the Gemeteiy, about SO per aent of the monuments wue overthrown 
Of the fallen anco, 06 par cent woie thiown in an cast-wcet direction All monumanla 
overthrown had squaro beam 

H0LU8TXK TO PBBST VALLEY 

HoUuier (Q A Waring) —At Hdlheter (plate 114c, d) the chief damagp was to the 
Qi angers’ Union, tho Rochdale store, the Gathoho eehool, and the fiie-houae Tbe two 
■bww www pnadylmilt, hue aw, with loigs tphim uniippni taH hy p«tifa«w« w iwhwiiiM, 
while their hhelvee were heavily laden with goods Tho school was an tall underpinning, 
very slightly braced, which allowed the budding to lurch northward and aottlo to the 
ground Unsupported puts of the fire-house walls (2 bndka thick) fdl outward, but the 
portion braced by posts and tie-iods was unhuit Bixty-fivs out of 128 chimneys fell, 
or 63 per cent Beverel locked doore were thrown open, m one earn the bolt being broken 
Ono old settler remembers when the busmen part of Hollister was a dough An artesian 

Mt mhn pissna thru tha town, which may haw affwrtoii lira infj»n«l y along itai path 

(A J Champreux)—Fraotically all chimneys fdl, tho prevailing direction being east- 
west One frame home, “School of the Soared Heart," 2-atory, waa completely wreaked 
The foundation pro way m tbe front part of the home, allowing the floor justs to drop 
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This house was an the oulskula or town end on tandy soil No olhci fiamp house was 
(inmaged Two bnulc buildings, of porn constitution, collapsed The outoi walls gavo 
way, allowing the inlcnoi to diop 

(Jumn Doyis)—T wo shock* weir felt, of winch tlie second was Ihc si longer Tlicio 
was on mtuival of 3 01 4 seconds of less motion between Lhew nuiMiim A iiiiuldc pio- 
cinlcd llie shock bv a hcrond oi bo In my house a piano and other heavy objects wcio 
movinl an a polished Haoi so that the noilli ends moil'd 2 m 8 Lvet out mlu Llu'iooin 
faitlici than the south onds I was standing at the lime of tlie lu<aviehL shook, anil was 
Lhiown horn sulo to sulo m a noiLh and south dueetion Pco]jlc lieu* all agteo as to the 
iioi Lh and south ilucation ot the movement Most chimney? tell noilh, but some fell 
east and west Picluics an cast and west walls, hanging by single wnes 4 to b feet long, 
swung fiom 8 to 8 feel along tho walls, leaving ilmLinot snatches Piotuin aiinihuly 
hung on lunLh and south walls simply pounded back and foilh, leaving puncLuica in the 
plnslcnug WaloKanka seem to have fallen to I lie nnilh always Thicc luuk buddings, 
each 2-Btoiy, 1 old and 2 new, went down lint, and 2 olhnib a cio badly damaged Wooden 
buildings in genual weie not damage* 1 oxccpl tlu n tho fall ol chimneys The Ualholio 
convent, however, win injuial 

Then, wmo no changes m tho giound at Ilollibtci aa\ c some s|i|flil oiacln in the vioimty, 
but n small peak item Santa Ana showed a landslide down ilh steep lace, plainly visible 
at a dblancc of 0 miles A huge lock, lolling down a hill in Hnntn Ana Valley, clashed 
thiu a houbo and killed a man 

(J N Thompson )—All hiiok building^ woio dnboyed oi lailly dainnged Time wmo 
2 shocks, lasting m all about 60 bceoncla Tlie fnsl apiieaicd to lie noilli anil souLh, and 
the last pail ot tlie scoontl slinck appealed to lie a IwisUng niolirai oi a c liiuigr to an east 
and west motion My ehinineya tell fiihl, and nearly to the aoulh, tlien at the last 
motion my wind-null and tank tell In the west The most damage was dono at the alow 
of the last \ibiation A oideboaid againHl a noilh wall was moved sovoibI malm to the 
south, and a clock on tho same wall was I blown to lha south A 1ml against tho weal wall 
moved hcvcibI inches to the east 

Ftom HolluJcr hi Ban Bemlo (G A Waiing) —Tho effeel of tho shock upon alluvial 
noil is vmy noticeable In tho hills towaid the Slayton Mukh tlie shook was no feeble that 
it was not noticed by some people Tin a Hiowa'u, Los Miuclan, and Quian Hobo Valleys 
it was gonmally only sufficient to tbiowlho maamfiam pans of milk The often lepeatod 
stmy ot the man who was killed in Quicn Babe Vallqy, by a lolling bmikloi ciushmg his 
house, is not to bo accepted as a mcasuie of the intensity Several loose locks wmo 
shaken down m the ncighboihood of Santa Ana peak, and apruigi ineiooaeil their (low, 
novelUidem the shock was veiy light 

At Palmtag’a winmy, in the lulls southwest of Tin Pinos, the shock seems to have boon 
moio scvmo than ebowhao in tho vioimty of that village FuimLuio was moved, water 
was t hi own horn lioughs, and an adobe budding was badly mocked Ono low bnok 
winmy was unhoimcd A distinct lumblo pioccdod tho shock, 2 distinct pciioda won 
felt and the shook seemed veiy long Thcio ia a small lake on tho Palmlag plaro, and 
tlie giound seems latliei maishy Possibly this had some Influence an tho inlonsily, tho 
theie is lesson to believe that the piojection of tho fault pauoa thiu tho lulls m tho im¬ 
mediate viemity 

At Ties Fmes, out of 18 ohimneye only one fell and it was unstable Shelf goods wmo 
almost unafleoted Them ia haid lock (sandslono oi shale) m plaeo, however, at a 
depth of 2 to 4 feet, at Tics Pmoa 

PBioenm, tho south of Tin Pinos, was more violently shaken, for it stands on giavel 
Milk and watci were spdt somewhat, and a few tall bottles were thiown fiom tho shelves 
Watm a said to have spouted up in tho flat land along tho rival, 0 25 mile fiom the abeam. 
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Townid tlio Cienaga knio-kilua tho intensity lessened con*idombly One man In the 
fool-hills 4 miles southwest of Ffcuuies, icpoits seeing a wave coming ucslwnid tin u a 
pamfidd, and same oaks aaung oantiiduably, but he dhl not hcni uoi feel any shock 
Faui mills southwest ot Paiccnco, a hongmg lamp swung stiangly east anil nest, and nulk 
was spilt ham the pans At lira kiln*, in a giozutio legion, tho a distinct 1101 m is mid 
to lute picccdcd lira shako, only one slight shock was felt, and that not buflioicnt to 
spill watci fiam a lull bucket blending on a table Along the nvci between Paiccnca oiul 
Mulbciiy, n distinct vmtical motion 1 * iqraitcd, causing weighted wuulow* to be tluown 
up ami donn, and stovc-lnls to dance about. Liquids woia sliongh abetted, as woio 
tiiscB anil banging lamijc, and a few ailiclcs weio l hi own fioia shelves 
On tho aftuinoon of Juno 13, a lady ncai Mulbciir, 6 milts boulh of Puocnos, waa 
talking ovm the telephone with a liiaul in Ilolhslci lira latlei suddenly gave a staitloil 
ciy as a dight cailli«|uakc shock oecuncd It was IdL at Mulbciiy sevoiol seconds lalci 
Fiom Mulbciiy In San Bcmlo the blraek uiuloimly logoned until, at lira latlei place, 
altho disturall} loll, oven liquids wue not riisluihocl b\ it 
Hnu Deal Valley the only nolieuablc cflrcls of the chock weio tho bwinging of lamps 
and the distrabanco of wain bui laces Little ol no sound was luaid in Beat Valley, but 
teimnl [icoplc noticed 3 distinct peirailb of vibiuluin It began easily, mpiilly incieased, 
and then, nllei a i*iusc, Uicia came a haiilci shake At one hoiibc a lamp hanging by a 
chain 8 tod long u said to have swung noitli and south neaily to the coiling Aitrales 
on shrive* weio not mawxl, not loaBe window ligliLs shaken ouL At tho summit at the 
couth aid of Boat Valley, about a buckothil ol wala was tluown fioin a banal only two- 
thiidd hill, andmcnmwu tluown nmLh and south hom pans of milk Umo also tho lianip- 
ing lamp swung blinngly noilh nnd aouLh A man uutdooi* became dissy and nausealai, 
but did not at the tuno icaliso tlu causa 

Thiu the couth and of tho valley, hanging lamps <ua caul to have swung cast and west, 
and walci is said to hmo spilt mostly oast and well Hmmal pcoplo becanra diuy, 
but the motion scams to have been loo slow to ho distinct!] appreciable 
At tho Fumades no loose looks woio dis|ilnocd, •*> the movement mud liavc hem dight 
Tiavding southeastward horn San Benito up the valley tawaid Iloijiiuidas, lira malum 
aansistad of lungci, slower vibiulions, and was of lomoikably long duiaLion In goncial, 
tho effect waa only to sot lockmg-ihaiib u motion, causo doois to swing, and turn to sway 
Just south of the divide between Son Benito end Uoinandoi Valleys, the intensity iobo 
noticeably, (he shade Unowing a lamp and dock hom a shelf 
At lit inandcs, pons ol milk anil Uouglib of watci wuo almost emplicil,and many minm 
shocks have been felt since No noiso was haaid beloio tho quako, but a lopoil as of a 
blast linnicdialcly incccdnl the second (liaickat) poi rad ol vilnatum Huh is in an uphuul 
valley si 2.600 feut ekwoiiou, but the ground Beam* to be lull of wator 
In the mountamoiu smpcntuic nica lwlaccn Hmnondoi and Now Idiia, tho dioek 
was ovuksilly slight, as nothing was noticed to liavo been ilistui bed at Simth's camp 
At New Ichia a few bottles and light siticlo* wmc tin own hom shelves, clocks wmo stopt, 
and a few bucks loosened fiam a bmlding mccted with mud nuntni, but chimneys wmo 
not mjuicd One buck furnace waa mocked, hut it was not piopmly hiocod Only 3 
minoi shocks have been noticod at New Idiia The intensity was about tho —"»«* aa 
at Hernandos 

In VaHecitas Valley, at an dotation of 2,000 feet, Teitioiy rocks arc ovmlam by 60 
feet oi moia of sllnvium In thisvalloy, pans of milk wmc Bbgjhtly spilt, but nothing was 
thi own hom shelves 

Fiom Son Benito soutiiwatd thru tho Bitteiwatci Vdlqy, the mtonsity lcsomrad, 
and onlj liquids aoio offcotod Hie motion woo too alight to be appreciable to some 
people 
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Pnetl Valley (D 8 Joidan) —On Mav 18 I went lo Frost Valle\, m (lie southeast 
coiner of Monlcio\ County, 37 uulci cast ol King City 1 hail huaiil that runiblui(pi 
mao ricquontiy hcoiil in tins volley, anil llul ixuplc imu moving out on OLcuuni ol 
them Them win little tiara ol Hu* caillu|unkii at King City At Lmrauk, lb miles 
oust, dunmeys weio thiown down oml a mild earthquake win loll At l’nesl Valley, 
which ii luw 11 k* hue ol Hie old fault ami at tin 1 \ciy loot ol the imuii lange of llu* t!a- 
vilnn, tlic cnithquake shook wai voi} icvcic, appeiontl) coming fiom the noitli Cluiii- 
uc>s wcio thiown ilown, dishes wcic Innkcii, and the contents ol the aUne tlirown ovu 
tin* Qooi ltuinbhiigs wcio alleged to luuc lraen hcanl Irj a man named Cicmge Jhow. 
Ho luul been hunting in tlio mountains, and said ho luul licnid huims hLe cannonading 
in the [pound at night Tins warn lx fine the gical sliock 
Hunt* wmo slight lanridulcs oiul nodes along the «lgo of the creek Isuiks Tliem 
is, liowovm, no lioeo ol tlio gicat nuek in the \alley No ono luul aeon it caws llic itago 
load, and tlio oil pipe lino limn Alcalde, in Ficura County, goes Unu to lira Malinm 
^ alloy without any In oak Tlio people* soul lo be moving out ol the valley wcnc two 
fiighlencd women up in a mountain gnige, whose* IiusImuuIh luul gone to look aILn Ii rands 
in 8an Joso It to evil lent that the mam riaek dul not icach aa tai as Piiesl Valle}', and 
(Ira sliock at that point was not vciy dilleient fiom Uint at Man Jose, cucpt llull lira 
blow won nraio ducal, with less twisting motion 

MORIBSY BAY ABB IASTWABD 

1‘anfic Giver, Maniaey, and Del Monte (4 S l&ddc) —At Pncilie Chove very Might 
dainogD icsidlod from the sliock, alLlio nccudmg to lcsulentH Uie vilnatums wiso vesy 
Bcveie, in a noitlieul to soutlmeal dueehon Only one oi two houses luul bhuunqys 
oiaekod, tho thmo mo soveial niashive chimneys, some witli heavy oniainonlal tops 
The town is hilualid on massive poipknilra gianilc, and tho emu lying soil in not drop 
Its Hilualwn was evidently tho icason leu lira riighL damage ilanc lira Pacific Giavo 
liglitrhouso is utuated alxml a nnle Miulliwcsl anil tins iJuiwisl nunc hovero altecls Tlio 
lamp is enclosed in a uhbed metal homo wlnoh lasts on a brick lower oiul dumc Tlui 
ubiaUon of the uIn caused Uram lo otilko Ura metal chimney ui lln cenlei of tho lop 
oml denL It on the casloily side The motion of Uni uppai pm turn uaiuccl tlio bnck domo 
wi|ipmLuig it to orark imincdiatoly at the liana of tho einvrd danra Thmo was no 
displacamonl of hurks, tho eiaok lxnng a lino one, vimhlo bolii willun oiul without tho 
town, and eompletflly mending ii The Lghtrlrauso ih built on a sand-duno and them ■ 
an calimaleil thickness of 80 loot of aaiul upon tho undcilying iooln Thin oand founda¬ 
tion piohably accounts for tho apparently gieatei utauaity of lira sliock ham than u 
lira town Somo of tho objects m tho looms of the heuso wmo also slightly miiy to raH 
Judging the lntcmsity of tho cm lluiuako by the daznogo it did in Poaiite Giova, it would 
probably bo daosod as VI in tlio Rood-Fuel soalo, on it wu nevom cnougjh to awakou 
practically ovoiy ono, tho no windows worn broken, bo far as could bo aacmloinod 
Monlcmy npmranood practically tho aarne intensity. I oouhl leun of no thwifp 
dome to Urn bouses, the only domaga loputcd being of uuno gloonwoio in a few slaco la 
flomo hounco fuinitme was mmed dightJy, and top-heavy piocao won ovarlumod This 
town, him Pacific Giavo, io on a good lock foundation, but m placoa tho ml is doop 
Del Monte cuffoicd tlio moot, no practically avm> ahimnay of lira hold sms ciaokcd or 
thiosrn Thmo wmo ovu 00 chimneys in tho hotel, and half of thorn wmo thiown down, 
ono crashing thru tho loof on Ura west sido of Ura hotel and eouning two Huj 

chimneys weic tall and top-haavy, having arnamcntBl tope, and white tho damage to tho 
mtanor of tho hotd sraa vmy slight, oh owing that tho oarlhquako woo not of a vudant 
type, tho vibrations sraro sufficient to thiow thceo top-heavy chimnqyn. Tho hotd a on 
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alluvium, and the pounds buuouuding it aae in pait "made" land The pounds are 
suuoundcd by nuuahv land, ponds, and sand-dunea, and theie u evidently a eonaideiable 
depth of an incolieient, watm-aaluraied fotm&tion suppating the hotel, tin’s piobably 
explains why Del Monte sultaed ao much inao than Montney The houncs arljoimng 
the pounds toil not damaged, with the exception of the Bchool-houso, which had its 
ehimnoy eiacked at the have 

On the load eastward to tfalinas bom Del Monte, no yiuMo signs of the earthquake 
wmc onoountoied until the Salinas Rivet waa loachrd The Salinas biulgo was mouxl 
rauthoily ac\ eial fceL, aocoidmg to lopoit, and the fiamewoik waa bioLon so aa to 
lcndei the biulgc unaale The bndgo faithrt down the abeam, on a wagon load ftom 
Caatioville inihoad blaUon to Montaey, waa also damaged by the bhock This budge 
moMs the nvci in a nmlhanat to southwest duoction, and w auppoited liy fom time of 
piles, boxed mound with plank The two end puns vac not misplaced, but the two inlci- 
mediale bolics wmc bent a. biokon at then baaoa and •Oiovol ovei to the uoithoast, caus* 
uig a sinking in tlie cental of the budge ot about 2 feel The damage to Uio biidgo was 
due to Hie violence ot the shock, and not to a bilking ol the pound, as the amount oT diop 
in the cental wa* equivalent to the dan Ling position ol the two intei mediate auppoilB 
CaUtovillc to Soqud (G A Waiing) —Castioville, bung on solid pound, was not 
seiioudy allpcted Tluee clumneys ouL of about 30 foil Objects wuio Hu own mostly 
wealwaiil The quake waa dcscubcd as hepnnuig liku a subtciianran blast Two 
peiiods wcio not noticed, it was fdt as one eonlmual vilnalion, gloating vmy guntly 
The whaif at Moss Lam ling buoklod up and paitly eollapaed, wlulc the waipliouscs wine 
wiaoked m toll wcslwaid tPlatc llOn ) At the hotel and stoics on the mainland, buck 
ohimneyB fell, but ploaloi ing was not rauously nackod 
At Walaonvilln about 90 pm cent of the chimneys wmc laoken oil at the loof-lmc, Iho 
pooloi poitaonbangneai lolhoiivei Scusal weic ciackcd anti LwihUxl but not Lluown 
down Fails of a tow buck walla ncai the uvm loll, and eonsidcrablc setlling ot tlio 
pound took plane in Chinatown on the noulhmn sole of the nvci (Plate licia ) 

On (he highei pound between Wataonvillc and Aptas, the shock wan little fell Thera 
we* no movement along ApLos Clock, both wagon and lailway huripw liraig iiualfcoUxl 
In one obi house about half Iho plnstm was tin own ftom every noilhcin and southern 
wall on the fuel Hoot, but not hom tlio othoib, nm fiom Uic uppci looms A liuieau 
waa mmed eoatwaid 3 fool ftom tlio wall, but no olha fuinituio was moved 
Needy all Iho chimneys at Cnpitola fell, and caradcialdc plnsLci was shaken ftom the 
nonth wells of the hist floai of Iho hotel The YibiaUon ib raid to havo born almoat en- 
tuoly east and wool, as shown by the sash locks having boon biokon only iqmn iho oaat 
and west windows An non safe ficc to move noithwaid was unmoved, but tlio plaster 
on the opposite aide of tho wall bade of it (west) was broken A caso of pigcnurhdcB 
i os ting on top ol the sole alul Lo tlio cost edge, when it could aa oeaily havo movod north 
Much aaith fell ham bluffs neu tho town, but than was no appioeiablc effect on tho 
bui f At tho count!y biidge anon Soqud Geek, tho pound at the coat abutment shoved 
mwud, mocking the connote and buckling a wata-pipe 
In the low pound at Soqucl, noaily all the chimneys fell, but moet of those on high 
pound stood Much plastm fell end goods were thrown from tho didvos in the butancaa 
section, which is close to tho creek The east abutment of tho concrete wagon hndgo 
over Soqud Geek mocked vmbeally, showing that tho sod movement eriwitlsl Him 
fax up tho cicek Thru Delmai, Bnbiight, and Twin lakes nearly ell the chimneys 
weiceithm down or twisted part way around and left standing, an «wmI number bmng 
thus twiatod The shock is said to havo come suddenly, dnnimahed, and then, at a second 
jolt, chimneys fell Ticca moved mdewayi aa well as swayed, and ell animals wmc much 
flightened One smell abeam haa riiimnaflinH m flow. 
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(D Stilling)—In the Pajaio Valiev, on Uip McGowan lauuli, at a liond nl (lie inn, 
on acic 01 nunc of oichaid lino sunk about 2 Toot At Moss landing, wlicit the uvia urns 
paiallcl with tho show line, tho sliip of lantl is seamed loi unit-* A ci«uk, oi inlhci a 
sink, about 20 fat wide and 4 or S fool tloqi ion undci the lituldiiifQi mul mil llivin 
Bsunilci The oflicc building between tins nock and lhe mn has Iuimi moved 
bodily—land and all—about 12 feel lowuul llio livti Hume nl the cracks mu mlo 
tho ocean Al Neponset and Salmas the piling uiulei ibe lounlv iMidgoH was moved in 
aomo of the bents at least 10 feel lowaid the 11 \ ci A borlion m.ui wlui blood m Uie midst 
of the eincks at the end of the Neponset lnidgu was ilienclicd with spurting walei 

SALIVAS 10 BAR LUIS OUBFO AID WESTWARD 

Effect qf the Shack on Alluvium (G A Waring) —Alllio llio Hulinna moi lied sank 
ncaily 6 foot at King Gily, and the wide sandy hollom Al Three Milo Plat was mudi 
ciackal, tho southernmost extension ol continuous nooks idling tlu. Iiank was round tc 
he aboul 2 5 milea aoulh of Gon/alob budge Fiom heie to the iiiouLh of die iivci tho 
oracln arc par slid with tho uvei banks 

The movement at Gonialca budge was most I j on tho went lunik nl Uu> hlioam A wire 
fonco bonding noith and south was torn (I meliii a]muI line, and wcnmUmi piles aL llio 
aouthwosl end of tho budge, said to bi* dmen down 7fi Ti'd, have Iktii tern Iimmi and 
moved fiom plumb, thou oiiginal uptight iiositnm AL llio ninllirasl oml ol llio Inulgc 
tho piles aie undialuibod, but llio huiTaco toil and a win* Tiiioo liuvo inmed relatively 
18 inches noilhwaid (Hcc hg S9 ) 

North of GombIob budge Iho fissuics aiu mostly on llio wnl Milo of the hhcniu cluuinol, 
and reach a maximum wulth of 18 inches No evidence of shearing could lie louiul lu 
the arcck bottoms west of Chualoi, saml cialcilets begin to appear anil Imomc numorous 
along tho stream nnrlhwaid 

Near Agenda, m Iho lowlandh, u> a nnt ked aica noaily a nillo fiom tho nvi r, pioliahly 
along on old walci course, while saml cialeilcla aio seatleied llnu llio mrimiila Al 
Spieekcls the movomonl caused much dnuuigo to fluinos, w'wers, iuuI waif]-mains, nnd 
fioin hoic 1c Blonao tho deep soil ol tho adjacent (mills ib inuoh nocked ami m plates 
sunken and dotted with rand oi alcilcln 

The county budge south of Salmas was lundoicd unaafo liy the movciiicnl of (ho pins 
al Lho Boulhcm and (Plate 123s.) On tho wvsl honk ncai Iholnulgoasniosof (icoiduu 
ciacka have tom up the rood and adjacent fiokl, along what la inolmMy llio path of an old 
wain coin* Thcso oio shown u plain 180,137 

Between Blanco and Neponset tho clacking oml hcllling of Iho low land Ikuulcd tho 
adiaoent fields and gavo use to stance almul llio Balinan River having imi Hovnid 
feet The 11 boding up" of tho wain ihiu wind male-riots wan also soon dwlm led into a 
bloiy about tho watci of the Salinas Risa being hailing hot Hath Uie i all way ami 
county bridges at Neponsat wme moved, the not than concrete pieis ol the ftnnia 2 
mohes enat and the cenlial wooden pun of tho laLtn apparently 4 root south 

From Morocoho to Mima landing fivines raioly show in mat shy land, liul Llio nauow- 
pga mdway bade has boon shitted a few mchoe in sesaal plaeca Al Mow landing 
many small cracks occur in the mud on the west ado of tho nvoi, and the condition of 
tho whsif indicates an castwaid movement of the sand-aptl (See plates 134 b, 186a, b ) 
It is reported that at places along tho pier where the watci was foimcily 0 foot deep, it 
now has a depth of 18 oi 20 feet Noith of Mom landing tho ground settled nearly 2 
feet in places, as shown by marks on l ad way pilca at several dough mootings and fay tho 
Bagging of the track below grade line in second othar places Tho strotoh of naiiow^gaga 
track pamlld to the coast has been disturbed foi needy ils whole length, in some places 
it is wavy, m others tho entire roadbed haa shifted At one point about 5 milea south of 
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Watsonville, wheie tho iBiboad tiack n only about 
200 yud* bom tho bcaeli, a stiotch 100 ioidb long 
lunmng north wee teil> had shittod a maximum of 12 
feet to the noitheabt Femes, telephone poles, and 
tiack all marad togcthci Tho band-dune* lacing tho 
beach duecUy opposite tlio place whcic tin* uuivcmonl 
ocouiied look as if they hod been btiuck l>y a single 
laige wave 

Clarks appear ogam along tho Ftajaio Him and llic 
lailway tiack has sunk in annul places The *ido 
iodb of the nanow-gage biidgo 1 mile south of Wafoon- 
ville aio buckled as bg a compicmvo fmee, and the 
toodbed at both appiasclies has settled at loa&t 2 
indies 

ConUnumg up the Fojaio River, e\ulcnco of settling 
ix found at the brood-fags railway budge at Watson¬ 
ville, tho southeast end of which sank nuno than a 
toot The hock was oho twisted into on S-bhapo 
The eonerote toundation undsi tbs engiuo and btaek 
at the pawn-house at the nauhwest end of the budgo 
settled, but the eonuets wmk was little hurt In 
Chinatown, on the south side of the lira, tho settling 
of the ground was masked. 

Between Fojaio and Vega the grouml oiacksd along 
the 2 to 0 foot bluff, raaikug tho old met bonk on 
the south side of the piesent ohannel, and the sale 
towsid the nva hoe settled sesmal foot Tim is 
adl shown in {date 141n This displaoomcnt has 
eausod numerous sand riatoilots and pits (plalo 
148n), the hugest pit notod licuig oval in shape, 0 
by 20 fact in iliamdm, and 4 feet deep Naitlicastof 
Vega the movement seems to have died ouL, tho last 
svuJonco found being mud caps on somo old piles in 
tho channel of tho sticam, showing a settlement of tho 
(pound amounting to 8 inohos Between Vega and 
Chittenden no evidence of movement of tho nvoi-bcd 
could bo found Neei Chittemlen tho banks bio caved 
in Along the San Latenio Rim, at Santa Giui, this 
sotthng action also took place foi a mile oi nuno up¬ 
stream ham its mouth 

It may be said, regarding the soil movement along 
these ati earns, that along the Salinas Rim ham Con¬ 
nies to near Blanco, sveiythmg shows a movement 
down the river From Blanco to Neponset tho move¬ 
ment seems to have been a settling of tho alluvial 
matwisls, while hum Neponset to the mouth of the 
Fbjbio River the giound (in sernal plscm, at lent) 
moved oeetwenl or inland Accepting os oonaot the 
reported lengths of piling at bridges, and depths at 
to have been found, the plane of movement must 
the outface at Neponset, dimlmshing to possibly 8 or 








IBObEISUYLS DIBTU1BUTION OF Ar PA KENT INIRNsIIY 


200 


10 feel al Gomalea budge and ending about 2 5 mile’s south ol ll Along flic Paj.uo 
and tian Loianzo Riven the mowment wh* a settling of 1 lu? alluvial Ixillom-laiuh 

(A S Eukle) —The efleel of the earthquake upon Iho nlluviuui was*elldrawn along 
Iho hanks of the aticom fiom tho Raima? to tlio Gonsalcs bulges Along (lio cast sulu 
of tho met foi a slioit (libtanco south of Ihe Raima? budge,4 iiulrt smith uf (lie town, 
tho land is ciarked al (lie edgr nt the tank, lira oiniks imialloliug the com sc of lira nvcr, 
but eompaialivtlv little clocking mas olrwiwil on Lius suit 1 ol ihc iivpi Along Ibc 
bank and down m (lie mu-bottoin itself, on Uio wrhlctn side ul Liu- slioain, (issuin 
wcie vciy pioininenl The counly uiail houthwaid limn tlu 1 Naluus bulge urns along 
Hie nnbnnkmcnl alxml 10 lo 20 loci allow Lira hlioain bed 'Hu* imul is an oiled into, 
and lira oil had loimod a liaulpon upon lira unileilying sand In lira vrainily of (Ira 
hiulgc tho load lias boon shnltaicd by lira ipiakc tin a ilistunei or 200 yanls Tlio lnoakb 
aio in lira naluie of a caving m ol Lira luml on lira iiuitli silk* ol Lira eiack, ns il hollow 
bparcs existed bcncolh, leaung a wilunl rsraipnranl oil lira muIIi suit 1 Tin nuin 
ranking u> at tho most aoullrailv hssuic lb io Lira loud has mmk buddy Lo a depth of 
10 foci, leaving a high \cituol hank diagonally urni ism lira mail, anil Lius sunken aiaa 
extendb foi some dialanoo uito the ailjomuig field on Lira west Tlraic u no uplieaval 
of tho load in anr placo lo compensate loi lira sinking 

South of tho Spioctal? facioiy, lira low bolloin-lBnd IraLwecn Uio banks of Ihc uvar 
n oonsuloiably mucked, ollliough tlraio is no pioiniuonl vertical dioppuig ol lira land 
along tho mack? This low land lu-i wmL of lira pioranL couiso of the altoani, and u 
inteibccicd by tJuugh? aiul loinrai watei couisii All of Lira giouiul is ol a deep mndy 
naluie, oonsoqucnlly il was niuoh disluibcil and hssuiml by Lira quota, anil lira libsuitH 
bccanra filled with wolci uul band, fanning a quicksand, Hus wul rauul ficqucully being 
spouted into Ihc an No one noLicod gases lonuug up Tlra pvaliou of lira ciaoln ih 
now maiked bv patches of light, bluish-giay sniul in lira Iraki, fium lira drying oul af lho 
cpiiokuBuds Houses on Ihib low land wmo lluown out of plumb, oml cluuiuryH wmo 
doblioyed Tlio cracks dinumsh in nuinliai os ono goes bouUiwhkI, and praelradly 
end in lira vramily of lira Giuiialm luulgo The quota al Gonanles can haully lie planed 
al iiioic than VII u lira smile, as com|iuiaLiwIy lilUe dumngo was ilono lo lira town 

Eject vpmblnuJmes, obpik, tin (U A Wai mg) —It in lamotknhlii luiw closely 
tho dibluibanoa fdllowml Lira nwi (luunicl Uuuughnlil lira Habnai Valley, 2 oi S 
miku away bom lho alieani on both suln lira intensity was seiy alight Houthwaid 
up the volley tho shook gradually leaned, aiul rapidly died oul hi llu iooL-hiUii on 
cithci bido 

la lho hills between San Juan aiul Nalivnlud the giouiul w nnl cracked, oxce|il for 
a Tew places on hillsides wlraio llraie was aonra sloughing oft 'lira alinck was suflioiouL 
to Unow ncaily oil lira milk bum lho pans, hut not hliong enough lo mow fuimluic or 
shelf goods Al Nativulod, in ihc lool-hillb, Lira shock wm> ol alxml tlio some uilonsiLy 
Al Ranta Rila (Ira shock was ligliL, a hltle indk was rqnll fioin pana, but sovaral Lfdl 
alandci chimney? wore unhuiL 

Piunedale III H Mclnlyio) —Ncaily c\oiy chimney wna Lhiown down All tho 
goodb in the stoio wcio lhiown to the flooi Tlu houbc wan badly wrockod Walor 
staited flowing in many places whcio (hcio hail been none, oi but liltlc, bcfoic Tlraio 
wue 2 small landslides tiom spungy places, Lho dueotion ol lho dip being bom iratlh 
to soulh 

Salmu (G A Wanng) —AL Saimaa 42} par eent (278 out af 665) of tho bhunnoyB fell 
A buck atme was dcmoh?hod by the collapse of Uu loof (plain? llfin, 116a), and parts 
of a doien a mao buck walls fell (Plate 110c ) Shdf goods wmo dutan down, and 
a fow heavy ailudoi, such as dot maohina, wcie ovmturned Heavy funutura, aoeh 
as pranna and billiaid tables, was not moved Bui little plate glara was broken. la 
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Borne buildings plostcung was badly l lacked and shaken down, bat m solid, wpIMniill 
iNilenere it wns little fault The coint-houea and high-school buddings, within a block 
ot eafah other, finnisli stiiking oxampli* of tlio neul of constricting const motion wlu'ii 
hung to gage tlie intensity of the shock by its effect on buildings In the founei build¬ 
ing the principal damage oonanta ot a few ciacks m tho plastciing anil toundatioiis, 
while in the higli-school building a pait of tlie liont wall fell out anil the loof spiced 
badly, nocking the ronuns ol the house 

(A S Eeklc)—The town of Salmas suflciod gicatci dmtiuetion than any ollici place 
m the oounly Ncaily oveiy liouse end building wcie damaged to some extent Plaslei 
tell, windows bioke, chimnava fell 01 woo oiackml, and buck buildings hail thou ujipei 
poitionx thiown oR anil, in some ce*cs, almost oompldolv demolished Tlie town is on 
the flat valley land, about 8 Rules coat ot the livei, and camo williin iange or tlio moio 
violent vibiations, in addition to being on alluvium 

Sjuackda and mcimly (G A Waiing) —The village of HpieokcK on tho iim-bolloin, 
was badly shaken Nooily oveiy one of the oppioxunatcly 50 chimneys in the settle¬ 
ment fell, os did also a huge pait of the ptatu in the B-stoiy hotel On tho flist 
flooi of tho hotel building neatly ell the wells wmc stiipl, but the plnstoi fell mostly 
flam the south wall On the mukmuI flooi the walla of the noith end anil wist sale sut- 
tmed most,while on the thud flooi the noith end (aalls and celling) was shaken tlie hud- 
eat In the 6-*toiy, ated flame, buok sugar mill (plaLo 117 n) the buoks along the 
I-beams of the noith end weie thiown out, re wmc also those ot the uppei cantial put of 
the west wall, ami put of the top ommeea ot tho north and south ends Oil in a luge 
tank waa thrown towud the southeast The fiont fnoilh end) of the 2-btoiy buck 
office budding exhibits a lemukably tymmetueel sob of ciacks 

(A C IawBon)—The flood plain of the Saimaa Rival was caused to luich towud the 
stieam horn both eidea, but the efteets am most mailccd an the south side The icsull 
m moot placrn has been the breaking up of the alluvium into mnnnnimpi stupe with 
a veitical soup on one aide, feeing the uvci, end a gentle riopo on tho othoi These 
have the effect of landslide ecu pa and toiineos, but occui on flat land In some instances 
it would appeu that tho giound had eollapeod into tho cavity fanned hr tlio luiching 
There ue minor ciacks and buckles m tlie sand anil mud flats ol the nvoi-boliom Hera 
numerous erateilets were toimed by tin sudden ejection ol water fiom tho underlying 
sands, due to the compicssive action of the shook Tha* aeuto ilcfoimotion of the giound 
accentuated the dceUuctive tendency due to the oaithquako shock 

At the budge, a luge liuned ebuetuie m 2 spans having a healing of N 27° E, tlio 
south pm, consisting of 20 piles incased in planking; was thrust to the south between 

6 and 7 feet, so that the entire pim was inclined as shown in plalo 123 \ The piles wcio 
not hidken at the giound level The noith and middle puns weie appuontlj not 
afleeted An ml pipe which aost the budge was buckled and twisted at the south oncl 
of the budge, end when this wee repaired the pipe was found to have been shortened 

7 feet The pipe line extonds ham tho San Joaquin Valley to the Bey ot Monterey 
A few hundred ynitle to the south of Uic budge is a pumping uptmn l and at rtiw point 
some of the connections of tho pipes were broken and displaced The ducclion of tho 
shot tuning of tho budge apan and the pipe is roughly nonnal to the directum of the San 
Andreas Bift, on tho other aide of the Oavilan Bangs Mr S A Guibcison, superm- 
tendent of the hne, repot Is that the pipo was broken in about twenty places in the vicin¬ 
ity of tho river, ami that at some of there breaks the pipe was pulled aput 

A few hundred yards east of the bridge, on the south side of the Erfm— Rivet, is the 
Sprocket sugai-mih, a stoel etruoture incased in buck, about 500 feet long end about 
150 feet wide, having a noitheabteily and southwesteily anantabon This frmMmg 
is five atones high, but the five stones oecur only at the two «"d» of the KmMmj in 
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the middle 100 Teel ol its length time & only one flooi above tlie giouml-lrvcl, and above 
this the stiuduic is open to Ihc loaf, without cioss-ti<*s 01 flaoi-ljcains This building 
yielded to the duck in a moat lcmoikshlc and insliuulivc iiiaiinei The whole aliuctuio 
was slioitcncd along the line of its longei axb, (hit si unioning bemg dleeled by lliu 
buckling ol tho walls at lira mukllu tu wish pm lion of the building lloth walls bulged 
towaid the sod, tho cast well in uul the wasl wall out, oh shown in plalu 117a, n 
Within the building cmindcialdo damage wan done to tho lusw marhineiy, builm, etc 
Tho giound to Uio south liad licen much heaved and oUkhwihp (leimmod, causing the 
wicdang of tiestles, puinpuig-liousc, and ollui aliucluics Tho mils of a tirnk at the 
icai of tho building wise pulled apnil, due pinluhly to (lie hluminiig of Hie giouiul 
towaid an old dough ol the uvei 

In the bottom ol this dough watei gudied fortli at nmneiouh ploim at the tune of Uie 
caiLhquakc It » said bv those wlio witncwd die pltcnomennn that Uio water npurlcd 
lapcatcdl} as high as 20 iccl, ami lhaL the outflow of watei lasted fui 10 nunulcs aftei 
Uio shock The pluccfa whcic tho watei spuilcd foith aio nuuked by Mean of fine, light, 
bhiah-giay taiul, which is said to 1 m known only at a depth of 80 feel in Uu> vanow 
wall IxumgB of the inanity In them anas of hno bluiali sand aio often lunndl-shapal 
depicsnons m uatailels bom whioh tho watei wsuad 

O A Quibcison, Ji)—As supcuiiLcnileiiL of llio pipe luic, I am in a portion to say 
that wo have no hi oaks whaLovei in any ploro liet ween Onnlingn oiul tlie Hnlmos River, 
and thcie wur no froiib of any kind along tho hue lx'lwoen lluu* points This I know 
positively, u I have lino udeis wlio wise nihliiu.tcil to look ehoely fin any ilisLuiliaiuio 
of this natuic Tin hne of JwuiCh soonis to have ended noith of Piiesl Valley Tlie 
condituma piovailmg along tlio fcWmas Rivet, anil nomu of Uio peculiar uicumstoiiocs 
ottamling the healing of oui line in about twenty places, aio of intoicsL I woe on the 
giound tho fallowing day, ami only ingial Lhal I dul not liavo tinui to have houio of the 
pooulioi features photogiaphr d In places uui lme had liren Inoken anil Uio ends wine 
8 feet apait, at the Bamo tune tho ends at tho pipe would lie hammered up, showing 
lhal Undo hod been on opening ami closing movement at Hint point, wlulo al oUiei 
pointa the hno would ovalap an muoh as 4 loot One of oui atatimiH is in this aoiui of 
dutuihaneo, and the onginceis, being an duLy, luul an evnclhni opixirluiuty to hoc wIulL 
meal of ua who warn in bud maiely fdt They stale Uul these iimuics wne oponing 
oiul closing, and dial the watai and saml would go 20 Teel in the air as they olaxsl. 

Boutkward from Salmas (O A Waiing) —At points along Lho laihoml hquidn were 
ganciolly spilt, fuimtuic was moved, and clumncya mnaked AL Chuolar, 8 out of 20 
ohimnaya fell, but 2 wciu on an old houso and weie piohaldy weak. At Qonaolas tho 
mtcnaity seems to have boon about the name oa at Ghuolat Oat of 150 clumnqya 11 
fall, while many were mocked. East of Oonmlea, ncai the foot-hills, houms wan bandy 
shaken, while to the west, ncai the nvor, watei-tonlm were Lhiown down At tioledad 
8 out of B chimneys fall, but the numbm is piobsMy too small to bo talon aa a entenon 
of mtensity Borne plsaming on the fiibL flooi of tho hotel was slightly mocked, a fow 
glomes weie thown from the bar, and aomo of the buttles warn turned aiound The 
borne of tho lidioad tank was ao bully twisted Lhat it hod to bo token down A chande¬ 
lier swung noithnast-eouthwest with a double amplitude of 18 mchea 

At King City, close to tho river and on low giound, tho mtcnaity was eonauhmHy 
highei than at Sdedad Heavy objects, ouch as a pnnting-pnn, dot machines, and 
ice-chests, wuc shifted a littlo, end a few thmga were thr own liom the shelves One 
low ohunnoy on a low fue j wall Tell, but Lho wad waa wilhout a mack No other ohunneys 
weie injured The nvei-bcd Bank noaaly 8 feet in the vicinity of King City At Boa 
Lucia tho intensity was oonmdeiably lowm, milk and wala wmo spdl and shelf goods 
disturbed, but no dumngya fall 
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On the western tide of the valley from Salma* (o San Luces the vine knul of evidence 
wee found ni at ooi impending pant* on the eastern sale At Foil Roimo moel of tlio 
docks atopt, a few aitidcs wcie Ihiown bam tho *toie shelves, and wnlci in a noiLh and 
south «uumJ wai thiown ova the aides No sounil was heoiil duiuig the <Jiakc, blit it ib 
1 spoiled to have come aftamud 

About 4 miles south of Foil Ramie, wbLci was thiown 30 feat noitliwniil bom a full 
tank, the top ot whioh is 14 fact above tho giauiul, anil halt the milk wait lluown bom 
hall-filled pans West of San Lucas, waves woe icpoilcd to have been scon inouiig 
aouthwoid ova the hdl* anil a sounil to have boon hcanl The hhock began pall}', 
was followed by a hoida shake, and died awav dawlv Thiu San Aido, Biodlo}, 
ami San Miguel, the shack lwcned umlniuil> At San Aulo a wata-lonk liamo was 
somewhat winiched, and the iivci-liod ii Lhought to have sunk about 2 5 fact, tho 
evidonea of this was not obtained Oil waa spdt liom a laige tank, and quicksand was 
thiown up in a well, which Beamed to lessen tho flow aanbidaably The lailway uLalinn 
at Biadlcy, burlin g an mado giomul, settled 2 inehes at ana end 

At Faso Robles a number of cloaks was atopt, mast of whioh wac lacing cant or west 
Window weights tattled and lamps swung about, but plasteiuig uni Bhcll goods wac 
not affected The duration of the shock was ealimated at 40 seconds, but was veiy 
gentle 

In the southeastern and ot the Rivei diunaga urea, at Sham Ion, Cholomo, and 
Fukflcld, the shock was notabto as being "the longest, easiest one fall in many yeus", 
liquid suifaoes weie somswhat distuibed, a Ebw clocks worn stept, sml hanging objocLs 
weic set m motion la tho lulls 2 miles naiUiwcst ot Shuulon tho intensity was bomo- 
what gieater, ss it was also to the southeast in the Red Hills At Shanilon, a saddle 
hanging by a wuc bom the laltas swung north and south, and wata was thiown bom 
a full horse-trough The shock was also lopoital at Hktiella and Linno 

South and IKieaf ifSdhnaa Valley (G A Wnung) —Following aouthwaid over lha 
divide Itnu Temploton, Santa Mu gouts, Dove, and Guests, the Bhoek lessened until 
it was hsidly mmc than distinctly fait At Templeton akimmed milk was spilt at ono 
place, but unskimmed milk was not At Dovo the swaying of the Idegiaph wins win 
about the only evidence noticed At ono plaoo a mile cast of San Luis Obisjto a gicat 
loar is reported to have been heud 

In the coastal lango of hills tlnu CumeL F 0 , Jamesbuig}i, and Jolon, only milk and 
watci were distmbed, bat from the latto plaoo to Lob Obos Volley, west of San Luis 
Obispo, tho ohook varied comideiably At Lockwood tho shock was a little shangpi 
than at Jolon, clocks being atopt gcnciolly and nulk and watci spilt, bat no shelf goad* 
were ironed Thiu Hamsb and Flcyto it hsiilly mac than wakened sloopcih, and people 
moving aiound did not feel it, while at Adalaide docks wac stopt, shelf goads moved, 
and liquids spdt Beveml mmoi shacks have also been felt at Adelaide In Los Os as 
Valley, howevei, the shock was baiely tdt, Bound deepci* woru not awokonoil A few 
light tinnp, ouch as table covers, swayed slightly, hat no sound waa heud, and pans 
of milk were undisturbed 

At Bin Luis Obispo the shook was hud enough to waken all cidmsiy slcopcis Some 
people thought it a wind-storm The vibration is estimated by some to have Listed 20 
seconds Mr John R Williams -states that the shook made doom and windows tattle, 
moved his bed, and atopt some elaako. There was but one pnnotpal disturbanco, which 
padually increased m mtensity and then died away, lasting about 50 ■nwmAi The 
apparent directum of movement waa northeast and southwest The mgfit operator at 
the telephone office waa talking with Salmas at the time the shook occuued She heud 
a scream at the Salmas end, fallowed by a roumg sound Fully half a mmntw later the 
shock was felt by her at San Luis Obiipo 
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Along the coast nulhwaiil fiom Poit HaiTotA tlnu Mono, Cnyucas, ami Cauibiia, to 
San Simeon, the intensity giadunlly lose At Mono some people in bed anil awnka 
fell it, many athei* did not, whilo at Ban Simeon liquids ucie somewhat dialiubod anil 
the shock of tho afternoon (or Apnl IS) wan also noticed, which wna not the case failhei 
south At Ficdioa Blancas Light-house a olook blopt aiul tlie shock won distinctly fall 

Between Son Simeon ami Pule the counliy is almost uninliabilnl, anil not easily 
aeoc^siblc, so it was not visited At Posts a clack was slept The shook was tiny appic- 
ciablc, and ocvaal luinoi ones have bean felt sinui At Idlewdd scveiol ni tides urine 
thiown fioni (helves, windows laltled, and the lcdwoods ■swayed considciablv At Sui 
a dock was alopt and the shook wna appai cully a little sUangri At Caiind-by-tho-Sea, 
on deep, randy soil, wend proplo inn out ol doom, a cobblo-slano ehunnoy fell, and a 
low tall m tides wcic tipi fiom (helves 

BAN LUIS OBISPO TO SAN BERNARDINO 

Tills puiUan ol the state is an the southern fimgc of the logiou wiUun which the shock 
appealed to tho smses Tho chock won not exceptional m intensity and tho people paul 
little attention to it, theiofoio lccoida of obsoivalions as to tin cfloels piodueeil aiefew 
Such lopoila oa have come in, howevoi, mdieato that the shock was mate 01 lee* distinctly 
felt thiuout tho oounky noith of tho Santa Baibaia Channel and the Valley or Haathem 
California, as fai east an San Botnudino 

Arroyo Giande, San Lina Obispo County (G P Ido) —Pendulum docks facing noith 
aiul south wme stopt, whilo those facing oast and nebt woic not Vci v lew objects wcic 
ovoilhiown A hanging objoct swung oast and west in an dli|ilicsl mbit 

Other points aouth of tho town of San Iona Obispo at which the riiook won lcpmled 

MO 

Piano Hanging objcota swung fiom cast to west, and sonio docks BtofiL 

Edna and Ocoano Clock stopt 

Poll Har/md Sligjht diook 

Santa liana, Santa Brnhata County (F R Siluuik) —I was asleep m (lie second atmy 
ol a buck building and was awakened by the faisL of 3 shucks Hie hliock awolm people 
gencidly end was absolved by pa sans inovmg about, Iml did nadaningp Tlio motion 
was a slow, easy one. Wooden omnlo shuttaa at iny wuulows nwungtlii u a orauadcroblo 
aio, end an moendcsoaxt lamp suapcndoil by about 5 leel of coid vihiaUal with an am¬ 
plitude of about 0 or 7 inches m a piano appiaxunalcly east-noitlioaHl Tlio length of 
the fiiot and sooond ducks was 1 a 2 seconds, but Ilia thud diook lasted between 12 
and 15 seconds 

Caamaha, Santa Baibaia County (C H Stephens) —I won awakened liy tlie jai, 
and tho lodang was continued foi about a minute, when all became quiet It then 
ataited spun lightly, getting stiongci as it piooocdcd and giadiially dying away mahout 
45 sceondh The thud shook oome quito stiong, and 8 waves followed deoo on each 
othm, each staonger than tho picoeding one Tho clock was alopt, and some arlidcs of 
fuinituic wae ova tuned 

Suif —A dock was atopt 

Lompoc, Santa Baibara County (C K Studlcy) —I wan in bed, awakened by the first 
slight tzcmblmg My bod stands oast and waist, with the head to tho weal Tho foot 
shook moved me up and down fiom head to foot Hio second Bhook rolled me fiom oulo 
to lido Tho flnt shock gradually mcicasod to a maximum, and then died oat, tho 
seoand Beamed to be about the same mtanoity thnunit, and stopt ouddenly Tho latter 
Bet the window weights on the south aide of the house islUing quito lapidly The hang¬ 
ing lamp suspended bom the ceiling of tho Iowa etoi} by a chain, which would moke 
it about equal to a pendulum that heats Becande, swung m an elliptical mbit, the longer 
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duunetci being 10 inches m a wcst-nmtkwcst duerUon and the shoitei duunetci 4 inches 
in anoith-ncnthcfist dneetaon Tho motion intho cllipae was clockwise The clock slopt 
Point Connptioa Light-home Station (Mi Auitin) —While cleaning up in the towui 
at 6 k XT a u , the keepci tell, tlic lens shako No one eta at the station felt the shook 
Santa Baibaia IJ A Dodgo) —I won nioubcd tioin a hnlttlcepmg condition by n 
Bingulai lustling noise in tlio house None at us lrcognucd it ea on cuitliqinke at tho 
time My bed whs not peirepUbly shaken Nothing woo shaken out ot plncc, no plnstci- 
ing won eiBckod, snd no clookb wcie aftoctcd The sound ldeiied to was piodueed by 
onTTMthing m tho sliuetuie of tho house cicaking ci vibiatmg Othn icpoits state that 
iouio bunging objects wae causod to Bwrng, ami that one woman was made dray 
Carpenteila, Santa Bmbaia County —Tho shock was biilheicnt to lattlo rUshcs and 
blindly move beds, but few poopla weic awakened by it 
Satuoy, Ventmn County IE O Tuckei) — Wotei m a liough which was 0 inches fiom 
being full, slopt ovim neaily apadfulatatimehointheomls The liough liesfioin noilh- 
easl to southwest A lottiing none was heaid in the house, but no motion was lelt 
Hvonomo Liqhi-hoim Station, Venluia County (C F Alim) —The raithquake was 
one abiupt sh»lw» which gi ad a ally dud out, lasting 4 seconds in all The weight to the 
clockwoik which turns the light thumped back and lot Ik m the weight-well fiom noi Ui- 
west to southeast, and tho window weights did likewise 
In Vcntuia Ouunty a slight Bhock was icpoitcd at Nowbeiiy Piuk, Punta Qoirla, anil 
Vcntrna At the laltoi placo, hanging objects wcie obseivcd to sway fiom east to west 
Ca/aba>saa (H H Whoclei) — A fauna staled that a numbet of etsteins foi collecting 
lain-wata toi domestic uses wac clocked by the eaithquako ahook to that they leaked 
Santa Monica, Loo Anqda County 0T H Moody) —A distui banoe was noticod which 
seemed to be on the fiont porch, the noise continuing with oonadeiabla legulanty, snd 
appooimg to disngB fiom placo to place Then them was otha mocking mound the 
house, and finally all was quiot Nothing moved out ot placo 
Lot Angdte (J D Hooker) —Them was a light shock, then a heavici, then a enuut 
shock wluch eausod windows and doais to lattic A window cuitain swung m and out 
A blase img attached to a cad 15 inches long Bivung noithwat and southeast At tho 
Weather Buieau station the baiomoteiHweieaibaoived to swing end i attic sgauibt the lings 
which confined them The shook was also lcpoited sansli^it ana at Asusa, Claiamant, 
ami Toluoa, m Los Angeles Count} 

AnaAflun, Oiange County (J T Wslkci) —Vmy few people in Anaheim icpoit having 
felt a shook at ell. It was vmy alight No docks war slopt 
San Beinaidmo (Di A E Johnson) —The shook was sufficient to stop the town 
clock at 5 k 17", ami sevasl pamns fall tho vibiatians, but no mnvablo objects wcie 
displaced At 4 h JOT p u , Apid 18, a slight asodlation was felt which emued the chaiulo- 
liei to bwbj Thu movement continued toi a few seconds, and seemed to be fiom noith- 
west to southeast 

BAT OF BAN IBABGB00 TO TOE RAN JOAQUIN TAIXIT 

In Conti a Costa end Alameda Counties the deetiuctive effects of the eaithquako wcie 
most manifest m the cities of Berkeley, Oakland, sad Alameda, on the oast side of the 
Bay of Sen Francisco 

Berkdey (A C Lawson) —A large majaiity of the bnok chimne}B wac bioken or 
overthiown, snd m addition to thu several brick buildingb had their upper wralls thrown 
down oi wmo otheiwisc damaged by erseks The mast notable cases of thu h"d of 
damage indicative of the intensity of the shock may be biieBy mentioned 
At the State Insktutumfor the Deaf, Dumb, and Blind the upper part of the nmthwest 
towei of the building, to the north of the oonbal structuic, was wrecked by a considerable 
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put of tbo hiickwoik bung thiown out on the noithcasl uul noi Lliwcsl coinci s of the 
tower (Plate im* ) Hie uppoi pait of n buck gable in tlui ecntiol building, feeing 
noithoily, wob thiown southed}, 01 into the liuilding Thu uppci pait of tlic town 
on the nmthwcht coinci of the building to tlio south ol Lite central siiui luio was de¬ 
molished (Plato 118 v ) Thu nuun clock town of the Institution, lmwcioi, sullcird 
no scnous dunage Hie clock, n vciv umcliable one, blopl at about 5 h 18" At the 
High School the walls ol the uppoi stoiy, pniluul'uly Lhoso faung west, wcic bully 
ciackcd and pailly thiown out, ho that they had to bo taken down Two luge buck 
chimnuys on tlio cast loot obllapscd uul dul much dunage to the looms lulow (Plate 
119b) 

The Baikn Block, at tha noilhwest coinci of Sliattuok Avenuo and Dwight Way, a 
building vcnccied in pail willi bnok, luul a peal ileal of the buck lacing of the uppci 
put of tbo building, and inurh cl a stnp of tihng above the east wall, tin own down 
(Plato llOv) The up|iei pail of tlic icu wall ol ilic bnak budding at the unilhcasl 
coinei of thcsuncbkects was tluown down Tlio non Hi wall of I he new llasuma Temple, 
which was in cauiao of cansliuction at the coinci ol Slialtuok Avenuo uul Baueioft 
Way, wan Uirown to tlio noitli and cuiseil Uic collapse ul ceilaln sUfl guilds lcahng 
upon it 

The intensity of tlio cuthquako within Uic oily ol lleikcle) was by no iiieaiw unifoini 
Them wcic oieas winch seemed to a veiy oonsidciohlo e\lenl to be unniune to the ile- 
bLiucliou so muked in the tluow of chimneys, etc, ui ncighboimgnicas Tlie buildings 
on tho Uimasity euiipus, foi example, Husluncd no muioiu dunage, and time was not a 
dingle ehunney thiown, allho one m two wcio ciackul In a belt ol tlio city extending 
noithwcsloily fiom the \uuiulv of tlio lhrsidciit's icsidcnco on tlie rumpus, Hie duuago 
to chuuncvs wna similarly light Tlui ouinim alive iniinunily to ilesliuotive diock 
appeus to be associated with tlio lact that tho buildings an Um cunims, uul in the belt 
to tho northwest ol iL, uo pi actually fouudod on look, whercus Hu 1 poilion of tho city 
whcnc chimneys grucially loll is un alluvium 

Tbo dneobon ol the loll of elmiiiiovi at Bcikdqy, as elauwhrro, won oonhdlrd to aluga 
extent by tbo mentation ol tlie Iiouhcr ClinnneyB usually ML nearly at light anglca 
to tho longei sulc of thou oiarwM'ction, which was as a lulo paiallel to ono ol the walla 
of tiio house Nolwitlistuiding this lact, hcwovci, thoio waa a piwubng tendency in 
tho Cali of chimnqya to the south ami cast, or in the soullieimL i|iiulrunt Wheio dum- 
noys fell to tho cast, they foil usually a klllo to the south of Llio lino at light angles to 
the noith ami south wdl, anil whcnc they fell muth they loll mindariy a little lo tho 
oast of the noimal to tho east anil west wall Soma aquuo chimneys fell diagonally 
to tlio southeast This was huo ol a inllioi massive 1-fluc eluinnoy an the wnlci'n 
house, which foil at tho latloi end ol Hie shook In many cbhcr chimneys wmu 
dislocated and twisted, without bong thiown down Of 38 oliinmcyH, tho lolalian of 
which was noted by obwivciB giving thou entuo attention to tlio matter foi tho tuna 
being, 81 wcic lotatcd couutoi-clockwiso and 7 wmu lotatod daokwiao In aamo puts 
of Borkdcy tbo locking of the housoB was BuSicicnlly violent to mako it difficult, end in 
some cases almost impossible, to stand on tho float without Buppait. 

Acooidingtothc ubseivationi of tho wiita, thoiu wmc two maxima in tho diook, with 
a lull m the intend, the second being the maiu violont Tlic movement appeared to be 
Hingmw] to tho lectuigjlc of his houBC, the longer sulc of which ia appiaxunatdy east and 
wort The thiow of objccta was much mate to the weBt than to tbo east Thiawaawall 
exemplified by the behavicu of objects m tho minoidogical musoum on tho thud flooi 
of South Hall Those ue uptight eases lepasuig on aobmeta of drawcis Tho sholva, 
uianged m atopa, ue mumtated noith and south appiaxunatdy, and faco both east and 
west. On the shelves facing cast vuy htHo waa dutuibcd, while m thoao facing wort 
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many of the heavia specimens, weighing 20 pounds or nuse, me projected fimn the 
hugest, or top shelf, thiu the glass doats, and was found shown on the Qooi In no case, 
howevei,was the glass of the doms broken Tlielattci hail been toiocil open al tin* shiiii* 
moment that the tnaMS ol lock had been huileil tuwaul them, thus allowing tin nnssihs 
to pass thiu firrmllm specimens, weighing lew than a pound, on tlic hlielves 11111111 '- 
diatdy below tlu. top one, wcic iny httlo disluibod 

Oakland (A G Lawson) —The distinctive effo.Lt> ol tlu* caitliquahc wi*m much nunc 
in cvulenee in Oakland than in Beikelcy, and this is doubtlo* due in lame 1111 asiuc In tlic 1 
much giealei nuiubei ot buck and nusoni y uLi uotuics busmptiblc to this Lirnl ol diuuugr 
When paitioulai instances sic eonsuleieil, liowevei, it scents piobablu tlial tlic seventy of 
the shock was in lcelity somewhat gLoxtci in Oakland than in Bcikolcy Chimneys tell 
veij geneially thiuout the city, the uppci pails ol buck walls, guides, and eounei-i 
weio in many cases thrown down (plate 122n; and clocks in walls wcic numinous Tlic 
utulei pinning ol name few old hame housoa caused theso stiucLuics to oollaiise In 
addition to this damago, which mdicatca fairly well the piovailing lntcusity ol the tJiock, 
tliera wue uevuial cases ol mote wxeie dcatiuetion which must be noted 

The Piescott school, in couiae ol 1 leotion, at tlie cmnoi of Ninth aiul CiunpWll Hiuvis, 
was lathei badly wicckod (plato 12In), as was aim tho building cl Uui Cnlilmiiin Wav 
Wotks, on tlie coinoi ol Union ami Thud Sheets, the walls ol which gave way, causing 
the loaf to collapse (Plate 121 v j Tlic susceptibility of this building to flesh uoLiiiu 
was piobably due to lack ol bansvuim lxacmg lot the walls, except that supplied by 
the loot gndois The southeast town ol tlio Fust Baptist CHiuich, on Teh'giiqili A\e- 
nue, hed its uppci noithcast conus thiown out, anil was otherwise wiifktsl (l'lnlc 
122a) Tho east oml south goblets wno bolli tin own out, but the lowoi luwcis ia tin 1 
luntbeasl and wutliwcab coincis ol tlie budding wno compaiabvoly mullerlml Tlie 
Centiol Bank building, al tlio 001 am of Fouitccnlh Sheet and Bioadwny, liml tlui Imrk- 
woik ot lla aoulhwcbb comm thiown olf fiom tlio 2 uppci storus, aiul wus sniulaily 
aftcetcd, tho to a loss evlout, oil its nmthwest cmnn (Plato 120 v) The Imgi 1 «mmki‘- 
Blook at the Key Houte pown genmaling plant, built on the lulal nuush huul, liml its 
uppoi thnd tlnown ott (Plato 120a ) 

Gonsulmable damage was oho done to tho Fust Unituum Chinch, at tho miner of 
Gastio and FouitconUi Sticels, aiul to the Christian Seumco Chinch, at Ftsnklui ami 
Sovcntconth Sheets 

(E 0 Jones)—Thcie weie veiy lew hi oaks in cast-uon gas-maniM Two ot llicsi 
woie osnsed by impact of heavy ddhus falling tiom bulk lings and poles One wus on 
Washington Btieot, wheio heavy liloeks of sandstone tell tiam the llind Htoiy anil llw 
ioof, blinking tlic main 30 molics below tho btlunuiious lock Anolhci was al tlu 1 nniu'i 
ot Fauiteonth Btiect oml Biuadway, wlicic a tiansfoimrr loll fiom a pole, striking tlic 
cuntei of a shoit esi ind and bending up both ends A 3-mcli casl-nmi niniu n slioit 
distance tiam this wus biokcn ut light angles On tho Tweltth Htiocl iloni, a oasL-uon 
pipo woe hiokcn und displaced ax’d a toot, while the high prossuie steal pipe paiullrling 
it was piaetically lindisluibed Oos-holiloiB weic umnjuicd, tho much of tlic wain 
wqs thiown out ot tho holdei tanks The only damage to buildings was tho ilcsliuolion 
ot In 10 k gables at Qas Station "B," Fust and Msiket Sheets 

Oakland cemetenu (R Newcomb) — In the Mountain View Ccmetciy, whioh is on 
a little diaw between lidges, the chief damage done wm the crooking of tlio icccivuig 
vault, and that was not injuicd >oiy much 

In St Maly's Cemctaiy, on the tmdl iidge to the west, howcvci, many monuments 
weie moved 01 twisted end besots! weie ovorthiown On entcnng tho ccmcUny fiom 
the east, veiy libtlo damngo was obscivcd, but on climbing the udgo mme anil mom was 
noticed On the noith slope less damage was done, and an level ground fnithoi noilh 
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nlholulcly no monument* wcio afToilul Ncai Uio top of Urn iulgc many monuments 
wcio avuturned, and immly nil ol Uunn allowed Iwnlmg or bhdting Tim insult ot tho 
bliock upon the moniuncntb in thib ccmctoiy nuiy bo humnuudy slated ns tallows 

Filtcen wen 1 lolnlnl counlci-clockwise, 4 ol iheso thin fium 1° to 2°, 0 tluu 5°, 1 
llnu 15°, 3 tluu fioni 5° to 8° with a lalLial slulL ol 1 inch to Ilia cast, aiul 1 tluu 8° 
with a lnleial dull to the south 

Ri\ wise totaled dorian*, 2 ol Uicm tluu 25° to 3U°, 1 thru lfi°, 1 tluu 10° with a 
lateud dull ol 0 mdios lo llu* south, aiul 2 tluu 2° with a shift to lho south ol ] inch 

Six lell lo the cnsL, 1 lo tlio must, aiul 1 lo tho noilh 

Tluoc wciu shilled latciolly fiom 0 5 to 1 inch to the cast, ano 1 mrh to Um soutli- 
wcsL, and cno 1 inch to the south 

(D McGiugni)—Ot 12 monuments in Mbunlun View Gcmolciy Dial weic disluilied 
liy the cnithigiakr, 10 nie lectungulai Uiatl* which wcio simply twisted on llion bases, 
4 fioni Ml to light aiul ti lioin light to tell The otlici 2 ate turned shaTls, both ot 
wludi slul ou then Imses almul 2 inches south Thou* weie a few clheis displaced 

Alameda — Tluidistiuction was confined Im the most pail to the tluowol chimneys 
aiul tho uppei poibons ot buck walls A few tanks woie also cvnlhiowii, aiul 3 loigo 
slacks neai Fauho Aienue aiul Lina 8liect Mesas Fond mul MolfaLuul counted 
tilO Inllen chunnay'i in Hie oitv, ol Uicsc tliey lupoit Llint 180 lell to Lite southwest, 143 
to the houllieasi, 03 to the noi Ihwrsl, 07 to tho noi llionsl, 34 lo Uie south, 1L to Um not 111, 
25 to llu> oust, and 24 to Um west 

Tho loll of chimney* was cvulenlly dclcimined laigriy liy llm mienlalum ef the houMB, 
uInch have Uien walk in ncmly all cn*»i mientnted at light angles tc Um diiccLion given 
loi llm tall Tim stnlislin me quoted not became Umy have anv special mgniliaance, 
but because Umy indicate how hLllo Uus class ol plmnomrna cunlubutes to Um elucula- 
tum ot tho riuuorlci cl Um carUi nioveineiiL, unless enoli luulioulai case Is stiubod in all 
its toolings 

WiUi legaid lo llm dtinnneys which weie ilislocnteil and twisleil, Uicio appear* lo 
1m nuno oonhloimy of mull The sanm goullciucn count nl 0L such olumnnyH and of 
Uicsc 58 weie lntalod oouiilci-duflkwiso and 3 cloelcwisc. 

SaulheaU <4 Oakland (O llackus and 11 F O Newcomb) —Iii Um vicinity of ITigh 
Hliocl about half of the dunuirvH lell Thu most genital dhecluin ol tlrn fall won to 
Um north anil south, alUio *omo lell east and west wlmn Um sloim of llm roof was m that 
dnccLian Flash nng in tho lionsrs wan scvciriy eiaolcod, but no fmimlaluins nor budd¬ 
ings weie dffinagrd to any visilde extent A Inigo hincllai dilinney m Um vieuuly was 
nnl damaged by Um shock 

At Fitdibmg about Uic same stale of damage was seen. Tlu chimneys on Um old 
houses wcio gone A laige school-houso with a buck fouiulalum was not injuicd 

At Elmhuist tho windows m tho hotdk and slmca woio biokon Moat of the olumnoya 
had fallen, one m pmtroulai being thiown to llm cast against Um dope of Um roof 

At Son Loomlio half tlrn windows in the stoios wmo broken, and ncaily ovary chimney 
was down All loose objocls in the houan, such as diahea, ole, wmo thiown down 
The plastciing was gieatly eiacked The housos wao not aaiously damaged, and only 
2 have been condemned 

At Junetum City the diode win about tho aamo an at San Leendio According to 
lumm a 8-mdi fianne opened up between Junetum and Ban Lmenso, but this was not 

Tho County Hospital, but a shoit distance from tho Junetum, was only dighlly dam¬ 
aged None of Urn chimneys wmo thiown over and plaiilming was not aaokad Tho 
Hospital n built on solid ground, and sevens! quailics can be soon in tho giound npon 
which tho buildings aio situated 
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At the Han Loienio Cemcteiy, about holt (he tall monument* neie donn Mont ot 
tlicso lell to tlio south, sumo to tlia noith, md a tm to tho cast aiul wo.t Tu rating 
occina wlieio Lhe south end u tluown cast Almost all the chimneys in this vicinity 
wue (loan 

At Mills CnlLgc about luill the dhunneys weio down A siono building lluac was 
badly sliattoied and will have to lx tnLm donn A buck and roncioto lihinir,and the 
Mim. kind oL a bell-tower, wen. not iniuird to any (peal extent, tlio a fm clocks can 
be wen hcic aiul Ihnio Millb is un iaLlu.i high giound at the Iwsc ol the loot-lulls 

(J Keep ) —The flow ol my loom at Millb Collcgo BLcincd to be boiling Iniinenw 
A-u nag r was done In the madi giound theio aras a diop of tioni 1 loot to sevm.il trot 
The acmnogiaph irgis tried foi a tune and then luokc Thi buencc Hall, a sLone stiuc- 
tuiu, waa faadiv mjuioil, eulailing a loss ol 35,000 

fj N Fiank)—In San Lcundiu objects agauxl the cost nncl west walls of the house 
note thiown down dome alatua* weic ioluted iloekwibc Chimneys wise ovciLlnowu 
oi bioken, nul plaslci ciackcd, causing a duinagi 1 isiimalxd at between MOO aiul 35UU 

Moutd Kdui (Willunn Galli —Hx gnirial ilneilion of tho movunxnL was to Lhe 
noith ami naillicasl, buL objecls fell in all dneelioiis Objccla weio lolnlul, some 
dockuisuanil aouio cnuntm-cluikwisL A intniy motion was distinctly IclL Duck ehim- 
nns weic biukiu aiul tluown Funutuie uns tliioan flat Tlio shock caused oon- 
stn nation among tho people aiul domestic ammalH Monuments in tlui ccmolciy weic 
oveilhiunn in vanoub diucluins 

Dixolo (F E Mattlies) —No culli movuuciiLs nor displacements weio discount d 
anywhcic along the base of tlu nmuulain st.up Tlic damage to buikhiigs nus slight, 
consisting ol Inokim oi Inistid chimneys ami clocking ol ploalri in a lea houses A 
tew seal Lei i ug elumnovs cKipcd thulium ion, being piobably beltci built than tho nun- 
age In tlx stoics aiul saloons mLicits wise Llnown iloan in soutlieily iliieclious fm 
tlio mist pml Wnlei was ohxivnl to splash hum a tank a nulo noith of town, tho 
(lint lion or Liu on being Mullimsieily Tlx consensus ot opinion was llial llic siuxk 
hail a ncaily noitli-south iliroolioii Yroonling to the Uack-luMs, the lailioml hack 
Milliiod no ilibpInciMncnts anvwlicio Ix'lwrr ii Niles aiul Ii vington Tlx Masonic Ilnino, 
a huge buck btiucLuie braird un (lie hillsule on solid lock fouiulalums, Milleinl blit 
little ibimoge A fuw nisignihciuiL clacks in Uio buck walls, 2 cliimncya Inokcu oil, ami 
2 ilumixyh ciaoknd coiwulute tlio mn>L si lions daniugo PlasUn was clocked m scmal 
looms, no wimlowh writ* binken 

.Uaihh/o (F 1C MaUhesj —Tlx Alsmedn Hugni Company was tho chief aullcici. 
The mom liuildiiigs of the pbiul ait of wood, substantially consliuctcd, and nne not 
ilainnged, but tlx fillings aiul neenssoiy sliuuUnca acu injuicd in numeions plates 
An old bme-kiln showisl ilingoiud uoeks in tlx lnickaoik, covcial of llic hiuall aiclies 
oIkivo tlu hie India opeiusl ami let Inukb fall cut A (l-uieh coblriion wain-pipe, at- 
larlicd vntleally to tlio main building; lnokr liansveihcly ataut 30 text above the giuuiul 
The vatu in tlio taiikh on the loof splashed so heavily an to nuse and bioak the wooden 
covets The wain minis to liaic splashed mosllv to the isst Tho 2 gieal plattramb 
coiiying the molassib tanks, aup|ioil(il liv uumcious vcitical piopa 10 feet 10 incites 
high, testing on cancielo fuiindulionfi, till down altogelhci, the noithcin one to the 
math, the southern one to the boulh, thuae diiechona piobably being iloloimincd fay 
the anginal mebnatum of tho suppoilb oi llic iclaLive nffiwpnr.y of lhe biacing The 
tunhb weic ell damaged and o\ci 1,000,000 poumls of molasses flowed away Tho total 
weight on the south plotfoim was 1,073,891 pounds (Plate 115s) In tho ongino-iaom 
the vcitical blcun-pipcb eiackrcl next tu the flangm by tho wiaokuig molion of tho ceil¬ 
ings thiu which they extended Tlio shock appeaib to have had a noith-oouth dneetum, 
accoiding to the position of the bicak* m fchiwi pipei 
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The mill atniidb on flat, alluvial giound 100 feel noiUt of ALunoila Cicek Along 
the banka of tlio lullci a Lugo nunibui ol mucks extend, loughly [Minllcl witli Hu* sliearn 
Cunsidunblo mouca next to tlio Mioam-lxxl dumped lowaiil tho Mini 1 , Laving piping 
macks 1 to 2 feel wide, anrl cm lying with lluin unall outlying buddings, nolnUy tlio 
flic-engine house which movcil bodily, coiuii'tc tuuiiilnluiu mul nil, 2 In L miuIIi Uiwanl 
tlio ucok A biuall lailioail tuMle souLliwiht ol tlui null moved 1 inches boiitli on luith 
ot its abiituumls, piulmbly owing to slumping of 1cm nr giouiul oil tlio mndi sulo of tlio 
ciurk A 24iu.li walci-piiui, laid umlei Liu* giuunil sumo U) IccL noiLh of tlio cieek mul 
almost painlld with ilia panic, allows indications ol having lieou siibnuLUul Inst to len- 
w, causmg liipluio at one ol Ilia joints, then to Mulilcn cuininossiou, causing it lo In 
jammed togctlici with \udoiico 

Clacks m the pound may bo found as Tai ns 260 toot fioni the ucok They weio 
uaaily all dosed at tlio limo of llio vsiL (May 7), 1ml wuio cosily linuul by the slioaks 
ol bluish-gioy uiul which lias issued liiim llicin, top*lliei with cousulciahlu iiuiuiUlics 
ill walci Accouling to Iho OhmcM* cook of the suix'iiuLciulciiL, Liu* macks nmuivt to 
his dwelling opened and dosed fiewidl luius in Rucrcssuni (luung llio qiuikc, mul huge 
volumes of iniid-lndi n watei gudicd liom them, splashing up sumo 10 feet in the an at 
cntli dosing Alaigo cinck ol Uiw kind aiumcd umlrn tlio nmlliwisl unnti of llio dwulU 
ing, mul the supmintondciil wlnnalua dial Inlly COO gallons or wulm guslusl liom it, 
Hie flow contmuing with dccicasing voluino foi nluiul un lunn The lenoe in fient of 
Hie house slums that tho pound tlioio has Imen inisotl uitn a Uiwr hump llu* sun 
|upo leading west lo die cu ok was detached fiom du* house by u space ol 2J uwhn A 
chunnov ne.ii tlw nuilhcnst ainnci ol Iho hoiiM* was thrown In llu* wist with Hufluucnt 
violence lo Uirow the ludioat bucks 3C loot eaisl of Uio liouse Tlin tup ol llio chimney 
was only 20 foal obovo Hie potuul oiipnnlly 
In the loodway aoudi of die mill, watm ooied out in a nuinlxs of planes, without llio 
pioducbon of visible amoks Tlia water pipes aiul hyihnuls in dus vumuLy worn muslil 
m scvoial planes 

At tho Alvaiado Watei Woiks tho buck buddings mifleieil consulnnlilo ibunnpi, Uio 
walls uoekuig m sovmal places Nothing ooukl lm launusl legaiihng dio Ixiluiviai ot 
llio wells of lliia plant llio homo dwelling ol tlui hupauulnulenL wus damaged by Uio 
coHapbo of its undoi pinning A auniliu Into befell Uio Alvoiiulo Hold llodi houses 
wmo being put in plooo at tho date of tho vaiL At llio celiool-liouhc Uio wntm-lank fell 
owmg to the collapse of its mippoila 

Ncoily oil buck chimneys m Uio v lllngo foil, Uio dmclmns vniymg A few crocks 
oponed nmot£ die sboots, but Hicso bad been filled on du* ilale of Uio visit Uio oon- 
saasus ol opinion was that Uio diode liad a norlh-soudi direction 
Lid. Obvtiraloiy, Haunt Uavidlan —Fiom tlui lojxnls ol asbonomeis 0 D Ferrino, 
R 0 Ailkcn, II. K Palmar, IC Bmns, A M Ilobe, aiul O A Vogt Uui following obser¬ 
vations as lo Iho chuaclm and lnlcmuty of din shock have lmcn obtained Tlio prin¬ 
cipal disluibanuo was picccdcd by a bmnulous motion vulously enlimaled at Irom 
11 to 16 oi 20 seconds Them sen nod to be 2 maxima, the fiist bung Uio abonger (T), 
accmding to II K P Tlimo was a fiiol Bocondaiy maximum nhout 6 seconds altei tlio 
beginmng, a maximum 11 aooonds uftoi llio beginning, anil another aeooiulaiy maximum 
about 15 m 20 seconds attm the beginning, acaoiding lo K B 
A ta araulous motion was felt afloi tho puncipnl dioLui banco 
"Hea\y vibiotioiib wmo still fall 00 seconds after the fiist count Motion was fell foi 
nooily 2 minulcs after tho Riot oount " CDP “Tho dinalum of ihubcmulous motion 
was about 30 secondu Vibialions stop! in tho houao at the ond of diet limo " K. B 
"Dmataon betwoen 80 end 86 seoonds " A M. H 

No vutical motion woe pcicclved, not was any icoordcd on tho Ewing smsmopaph 
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Accmding to C D P, tlic lieavusl mavanmil boomoil lo Lc ncoils cast ami wi^l, 
wlulc nrjiniriin ^ to Iv B it wa* noitliwtkt and southeast On the Ewing soisiiugiain, 
Ihe not 111 and roulh componont banns to bo tho most violent, the pen having kit the 
plntn tai halt a 1 evolution ol tho plate TTio cast and west ubiatinn was L\tu , nu > ly 
laigc Tlio nia\imum ol the cast and west niovomont occuiicd aftei Lius pen ol tlio 
noith anil south component loft tlio plate 

A iuoi sliop hanging on a not III nail, die only tiling hoc to swing, '■wiing east and 
wist nlmiil a Tool (double niniditmlc) A dialing bunh which stood up on end anil, 
being iouiuI, could loll in an)' dnuclion, tell WLst Tluugs ovm liuneil lcII 10*1 and west 
Tlie shock wns severe enough to uliLo windowb l attic oiul doois living Book-cnbPs 
wcie innird out about an inih tium cnsL nnd webt walls, but not tioni not 111 ami muth 
noils A ixmluluin olnck on a noith wall stotit at 0 k 12“ 62T Not much plasin Icll, 
nnd oiili 1 ot a doren oi moic climuuYb was tin own Somo othci chimneys, piuusipnlly 
those ot a 3-stoiy Iniuk liouso, unite clocked ami shilled 
Tlio cailli-waics weio iny long, hut hinooth 

Acraiiling to K B, tho duck was neruin]iniiied by a sound os of the flight of buds 
The walei in Smith Cieck on the oltcinoon ol the day ol Liu diock was ol a light slaio 
culm, not yellowish, so sflci heavy licslulb 
'‘Standing in the doom ay and looking out the cast windon, I could sec tho nulls of the 
buck houso shaking Tlicic becined to bo a gioat deal of dust in tlu an in limit ot Liu 
window" 11 K P 

The movement of tho cast-west component ot the Ewing scibmogiaph indicates an 
intensity coiresponding to an aoocleiniion of 400 mm pa sec pm bee Tho north ami 
south pen left the pinto, owing to tlu violmioo ol tho shock 
Nila (R Ciondall) —Tho town ol Niles stsikla on giavels or the alluvial fan uL tiu 
mouth ol tho Niles Canyon, and is nJuul 20 milcb duo cant of tiu faulL at its noaicst luinl 
At Ndos thcic wcic no luge buildings, and most of the bliucluiOi weio not strong, but 
time was no smious damage dono hi any ul limn Alniat 5(1 per cent of tlu house* had 
eithoi taiia-cotLa chimneys m Lin piiH*s, which me inudh haidei lo shako down than those 
or buck Of all tiu chimneys m town, 18 pm cent fell, ol Hie buck olumiuys 60 pci cenL 
Tell, of the Louarcolla ehmincyn only 10 pei emit went down 
Blast of tiu houses weio not plaslmod, so no notes could lu obtained on that subject 
Li nculy all ol the houses such ohiecLs as duhoH, bottles, smses, ami elooka wme tinowii 
fioui the sliclvcs Udk and wshi wme hpilt liom open locoplocloa in most cows 
A concutc obulmoiil ot the budge across Alameda Ciook was crocked A man out of 
doois aL tho time round much difluulty in walking A 00,000-gnllon watm-tank Toll at 
the Niks lailway hlatimi Similai tanks weio thrown down at tlu stations at Pleasanton, 
Iavmmme, owl Ialhiop Thin was diu lo impoiloot ooniliuoUon latiici than to the 
sulcncc of tho shock The tanks sne u]*on cast-non pillais ouginally, 1ml when new 
ami loigw Iocomotivob anc put into sciviec on tiu mil way, it waa fouml ncccssoiy to 
hasc tiu wntm-tanks sol lughci This nos Accomplished'liy insmtang shoil blocks be¬ 
tween tin tanks and the tops ol the pillais "Whan tlu wughi of 200 tons was Bwayod 
on this amt of a sliuoLuic, tho tank collapsed 
While at Nilcb, a visit was made to mu of tiu new tunnels or tho Western Paoiflo Hall¬ 
way, which is about 1 mile oast of Nilos m the Nilra Canyon Tho tnnncl had ponotiatod 
about 130 foot into tho hillside, but had not yol pout than anything but a Bandy day 
Duimg tiu picvioua wintoi the walla at tho poital, and also on tho uiude, had atood with¬ 
out timbeung Since the euilhquake it hod boon impossible to btoak out more than 4 
teat ot ground ahead of tho tiniha aela without caving taking place There had boon an 
appaicnl movement m the mil whuli had loinovod itn conswtrncy and made it moohcionl 
Ihe amount of walei picscnt ui tiu tunnel was petoeptably (hanged Tho fmaman ssul 
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that theie whs nioic waUn since lliu shock tlian then* had been oven m tlio wcltuil piuLoC 
the winlei 

Sunal (E Cinmlallj —Sunul is n small town in lira ninth eiul of Suuol Valiev The 
nilensity ol llic raillniunkc tlu'ic whs ol i*sjx , ci.il inlncsl, liecnuno llu* town lips Almost 
upon Ihp hup nl llip huiuil fault Tins Inull is Hip Laigest one known in llu* Mount 
IIiiinilLnu ldiige, nml hns a inn Uiwcst-soullieasl Liciul pm.Uk‘1 to Hint ol Ihp Knn Aiulieas 
loult It w.is (A)K i led Hint Mime euniiieiisaliiig uicmnipnl might Ik* Ininul to ullsi*L lln* 
slip nkmg tin* S'ln Ynihoas limit, ami tliih Hunol lault whs caiisideiid llu* nnp most likely 
In sliow Uial uHniM'iisaloiy movement Tin. town sUiuls pnilly on pawls mul |mu I ly 
uimii hmil saiulslmii* The giaveh au* i(uilp Imu, inmli iiuiip so Lluui the pawls on 
which the town of Niks is built Tin* giuwl*- at Hunol me not thick, nml tho luumlnliiiii 
is much hi nun Hum (hot at Niles It was quite nppaicnL Lliat Suunl luul not lelt the 
shixk as bcveit'ly as il hail Iran li It at Niles, 11 nules to tlio went, oi at Pleasanton, li miles 
laillim cast Onlj asinnll puienlnge ol llu* eliinincvs tell Ol ollun oilier h, lew i*\ri*pt 
bottles anil vases lc*ll, ami a window was luukini at tin* ]msl-olhcc As tlieie was no 
nioi emeiil along Llu* Hunol lault, the iiiIpiisiIy nl Hunol was less tlian at Nik's, liul tlio 
Fait dial it wnn oho k»* lluui at I'knisniiton slums llint Llu* ilillerencp must lx* in (he 
foiiiialuuis uiulpilYing the two towns 

(V 10 MoUlirO—thin 7A pei pent ol die chimneys inHumil wrie lxokpn Home wnc 
iHislixl in a clockwise 11111*011011, whilo ollnns vnuo appiurotlY tlnown stiuight, most 
of them In Llic cast Many chimneys wine ciaikml I ml wpip still 111 (ilocc A fen win¬ 
dows wtie binkea, notably those ol tlie poslriilhcp Tlio town is on alluvial giouml, 
close to tin* lulls Tlu* depth of alluviuin ih cstunaLeil at the neck-bed to bo alxral 
AO fecL Tho slept budge soutlmist ol tlio town wan found outuely undamaged Tlio 
(lumo lxlwoon Sunol aiul Niles wau damaged at a point 3 6 miles lipkiw Suuol A few 
boaids wnp knncknil out ol pbice, hut tlu* damage was slight and quickly lopahod 
Tho Apiieison house, a buhslnuLially liuilL bUuoluic with bliang chimneys, had two ol 
tho chimneys lwish'd and 011c loft inlael 

Ytrann (F E MalUies) —All the oluuuiryB cn the liuuu Iiiiiim* ol llic IIisuhL icsulcnco, 
0 m number, wen? masked, bnt none was Llnown down Tlio bliulio ha* a long emok 
1 uniting immediately oIxiyo the pioioctnig beams Slippolling Llic loof, along Hip lunllioasl 
wall, IB induis horn the oaves No damage was occasioned to plaster m walk, oxropt in 
tho sluilui Tho chimney of the powei-planl, at Uip fool of the hill, was found Blocked 
Tho "ooUagD," built ol wood, sulleiccl no damage No windows wcio luokon 

PlenwUm (R Giandall) —Tlie town u on a flat 'lalloy-flnoi rompaerd of pawls, 
appaiantly the same as those at Sunol, but of a lata ago Piubohly the Hunol gravels 
wnhl down fiom tho hills to lain a valley-floa The pound upon which Um town w 
built, then, is similar to that aL Niles Tho shock was folt quito duuply at Pleasanton, 
but not so much so as at Nile* Such oj Uelcs oc vases, olocka, and tbshnu foil 111 most cases 
and milk and wain wac apilt fiom open viMola Pi actually no plaalcr foil, buL housa 
that weic plaslcied had numcious macks m the walls 

The mtanaity, as shown fay falling chimneys, won as follows 80 pm cent of all 
dnmnevu foil, 48 pei cent ol the buck chimneys foil, 30 pm cant ol the olumncyu wmc 
tmia-ootto, but only 3 pm cent of Ihcso fell, of Lho buck ehimncyn which did not fall, 
30 par cent wmc ciaekod 

(jp E MuttliM)—About A0 pm oonL of all buck and talc clumnaya In Pleasanton wme 
tlnown down No maaked picpondcianca in any one dneotum was noted Naarly 
ovmy buck building in town woe nomewhat mimed Cracks in tlio masonry and tho dia- 
lodgment of occasional indi\ dual btuslcs m niches above windows and camicos eonahtuto 
the piuieqnl damagfi Hie only atone house, a 2-staiy aoloon, aufteiod mao aovaraly 
than any of tho biick buddings, tho walla being badly mackod at tho cairns and even 
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paitlj Uuown down at Ihe noithwest coiner Wooden houses sufleiodnu damage except 
the clacking ot plaetci No window panes woie buken 

Two bidgn ncai Pleasanton woe uispootod, quo math of tho town oici Anoyo Valle) 
and the other ovli Auojo dc la Laguna, 1 5 milts nest ot the town Tlicso bulges lest 
on concicle nbutmenta, and »mhmii«i showed that in both cases the uonucte had 
JuaiL*d h»n i«int.illy by the longitudinal oscillations ot the supmstiuctuio The ciaokb 
woie about even with the luwei side ot the atiingcis In the cjm) of tho fiisl Inidgu 
munliuned, those ciacks extended 1o tho wing wall at the south end A statical clock was 
also found ncai tho west uniun of the aouth nbutmout, lunning tlnu tlie entile height or 
tho bhucluio A aimilai raaekw'as oho found at the cast coinci ot the noith abutment 
The disposition of these veibenl ciacks seems to indicate loisional movrancnts of tlie 
bulge, with iiglit-handcd labium Tho camnote was ot pool quality, heing tiaxmud 
by stieaka ot coarse ginvul alternating with otheib of finoi tovbuio 

Thiu the couitvsy ot F H Tibbota and Haiukl Woods, suivcyots foi tlio Pleasanton 
Hup Company, aeccsb was obtained to then lccoids on well buimgd mado in tho neigli- 
baihoocl ot PI&isMiton Uobl ot tlu so bomiga dul not leacli balioek, but 2 of them did 
one ncai the gixscoaid south of Pleasanton, which sliik.es diNntcgintod alinlrs at a depth 
ot 276 fool, tlie ulhoi 0 75 mile noiUieast ot Ploeeanlon, just south of tlie loiliuad tiack, 
which stiikcB nmilu malciial at a depth ot 180 toot 

LivcitoOii IF E Matllics) —Hinny chimneys wcie uncled and about 60 i«r coni 
tin own down tiaveial tall buck chmincyfa in vanauB pails of the town wciu lott inlncl 
Tlioso an bide puna between IaxTimmo and Pleasanton wlio undamaged A book ot 
bid, woakdooking buiklings iunlhenst ot tho depot bufiawl no moio than a few ciacks 
Glasawme in saloons and bais was tin own to the flora in quanlibcs, m iniious dueclions 
A hoa\y walei-tenk at the depot fell, owing to weakness of suppoils Hio du cot uni ot 
the fall is nuth, but tins is not naceovuily indicative ot the dncoLion of Uic shock, as the 
wooden suppail piobablygnve way piecemeal Concicte bidges about town wac unliuit 
Tho town is on alluuum 

Anmteiobting laatuic nppaais 0 25 mile nuth of Hcyn'b ianch, wo>t of the load leading 
noiLhfiam Iavenome, about 2 mikb ora thof that place It in on tlie auuinutof a Niioothly 
loundcd hill, slopmg gently down to an own, poaty meadow ti a wised b) tho oiioyo of 
Chyetona Cieok Tho hill h ically one ot a numbei of spins of tlio lughoi lanil txiulli of 
the meadow Its aod is poaty, with many sun ciacks duo In lecant di) mg Deep collie 
liacka show that it must be ipulc sotl m wet wcatlm, much like tlie adjoining meadow 
Tlie summit ot the hill m question was round ciowncd by a nencs ol cancan tlio dctunuR- 
tuma, using atcpmsc alxnc one nnothn A nunibu at ncaily concent no rancks wrae 
louncl extending iioilhwaid into a soil of panhandle, along each of wludi an upwaid 
moicmenlot tlie soil hadappaiontly takou placo The uplift along the 2 piinnpol rancks 
was Tound to be 10 and 10 niches, lcspeetively Along tho minoi ciacks Uic veitical 
displacement amounted to an inch or two only Tho amrace of cadi step m bench was 
found to slope rnwtud, uni in some plncu the edge men appealed to haxo culled lmvaid 
The maleiial must have been woL and mme ra las plastic at the time of the dibluibanco, 
but Iirs since diied and hja denod, bb peaty soil will indiy weathm While the phenom¬ 
enon is described by many as a "mud flow" oi "mud spiing," thao nic no indications 
whateva of a "flow," stiictlt spooking Tho uiwaid dope ot the laibcd benehus sug- 
grste tho chopping back of the oential portions aftei then upheaval, the seupa lemarn- 
ing, piobably, owing to the hiotmn between the oppobite walla of the flounce, which 
pieventod the complete letuin of the adjoming edges to then fciraei lei cl The oonocn- 
tnc uiangement of tlie ciaolra aeons to indicate a ocniiallied upwud fbiiat, and the 
small diamota of the entue deframabcm shews that the cflect of the Ihiust tepidly 
deaeoaed awoy fiom the center While them ie no rock visible, it is quite possible 
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that the hill lum a soil or loek-cmc, some dislaneo below Liu* suiTaco The shock Tell 
at Mevn'a lanch won noL puticuloily violent anil caused no iLuiuige to Llx* buildings 
(Bee plate 141a ) 

(R Ciandnll)—Geologically, Livtnmoic is oil n (looi sinuLu Lei flint nl Pleasanton, hut 
grogiapliicnll) it is about 0 miles fiutliis inht ami taiUrai hum Llix* Mail Audi mis l.iull 
Tho bliock at Liiciitraio was mil sivcie, ami but htllo teal duningi 1 mis done A lew 
ohiects ill unstable naluio tell, nml m Uu lnigei iiumbei ol unsi-, milk anil wnlei wen* 
spilt hum open vessels, but not in all eases 1 Mobl of the lunises in town wuio not 
plnduod, but ouh a few or Lhc pkwleicd houses li.ul Ura wills i nicked, ami m onlj uno 
poms was plash i known to Iiavo fallen 

An excellent oppoituuity wn& allonlisl to see tlu* etWl or (lie ninlinii upon pendulum 
clocks In one jewihy stoic cvciy sucli tkxk stupl, icgiudlcss of Hie iluerdnu in wlm.li 
the iKSuIulimi swung Ono rlock wlncli IluI not bet.ii lmining Mine tlu* caiUuiuako, 
was stalled Its pendulum swung in a linilliwchl-Niiillicust (In out uni, as m Uio aaso of 
so vein! i locks tlut stopt About 5 pu luiiL ul Lira biiuk dimim vn fell, with lew tluui 1T> 
pet coat ciackal 

A ouiious phenolnonon was ohnmvcd neai Liveiiiioic, the explanation uf wluali is lint 
olcu At tho Ah no much, a htllc ovui a link 1 nintlL ol tlu* town, Ura (op ol a small lull 
was hiokon up at tho time of tlic euUiquaku Ura bictiking ill Lira gnniiid did nul eoiir 
bisl ol fiasiuing along a Line, but wm m lira nntuie oT on uplill ol a limited luea Them 
line 3 lanly wdl nuukod coiuwntuc lings wlraio lira giouud liail biokon, Uio msido img 
in cadi cam boing fuiccil lughai tluui tlio outsule img Tin oTlorl was similar to tluit 
obtained by placing 3 plain or ddlauit aian wiUuu cadi olhci lira aconnipnnyiiig 
phologiapli (plate 141 1 ) shows tins fcatuio fnuly wdl It was soul liy [icopln in Ura 
vicinity that thac was mud in Ura macks at the tunc of tlic oaiUiquake, bul Uinc wise no 
evidences of any at the time of Uio wnhn'a ymiL novel al weeks after Ura shock 1 

(ISlmai G Bull)—The Southern Pacific (^nupuny’H20,000-gnlUmwitfm-Uuik lull in a 
noiLb-noithwcst duocUoa, tombstones li 11 in vaiious ducoLions, a liangmg lamp was 
eali&cd (o awing cnuntei-clockwise, with Uio longer iluinralor of its oilul cast ami wiMt 
Mi Still was ndcop and was awiikcirail by Ura Ixal I icing riinken mirUi and noutb, tlio 
motion aftci tluit wna Incvmy dncctuin Wain HfiilL limn lull tanks lniMlIy on Ura onst 
andwcslsales Mi StilllcpnilsHintwiuiellragnuiiulwnsdcliiiiiicduirtmcciiliiciulgcs, 
as dcnuibod by Mr Mattlras and Mi Ciniiclall, llraie was an alkaline s|nuig ycaiH ago 

Santa Rita, 3 miles anal of Dulilui (F ]<' MAILlifw) — Amnnll, flat kwe idling Ura pohI 
bank of Ta<«ajaia Cicck, immediately inn 111 of tlu* main mail, riwwil hciciuI sunn wlml 
acscontia macks along which Lira giuuiid luul slipL ilown and tuwnnl tlic neck horn 1 to 
3 indies These clocks extended 1 si tin i suuUi, iraeoidiug hi lmal hcIIUxs, aiul eiihl lho 
load, but this was no longei tioceable at lira tiiira ill (Ira visit CnunineyM luul fallen mi all 
the houses, but as tlurv weio not ol Inrak lira diunagu wan blight lu Ura giucny ilmo mid 
boHoom muck’s weic thiown in a suulliorly directum 

Dublin (F E Mall lies) —The damnge consisted ol a few cliinineyM Inokni oil, ami 
BiUrlcs thiown dowu horn shelves ami counlms A walei-Uuik 3 miles cast Till horn i(b 
auppuiLs, piobahly owing to Ura wcnkucsa of Uu. latla Scvmal oUrai Lanin ui lira nmgli- 
bmfaood wmc iniuiod 

San Rnmon (F E Mattlras) — Moat chimneys had rollon Bon Rinian saloon, south 
of the brulgp, did oft its foundations in a nmUicily dncoticn The wort end moved 
8 foet, the cost end about 15 inches, being ntupt by a fonco-post Seva ol window pones 

1 Ihn may bo nmlmolod with Planaaton, wliao at all the houses -iirilad lhao was only one whan 
milk wss not spilt 

* A ■noonliai unular phenomenon waa amm an OdiillS ridge In Ban Union Ouanty, hat flunwoo 
nothing to suggest an cxplnnslion 
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weie lnokisi in Iho building, niul gkv*.wnic wna wicctcd in quauLilus NimIIllm clmich 
nm achool-house butlci ed any d .image The shock was mostly in a nui til-soul h tin cclion 

DannBe (F E Matlhcs) —Must cl mum is uric clocked 01 twisted, a leu weie 
biokcn ott complctoly GIrsswaiu iu saloons ami goals in a giocciv slmc wcio thiown 
down ui quantum in vaiioua dinttions Wain was nbscivril to splash mil fioin two 
tanks in Uic village, m a soutlioily tlnccLnm in each case Wotoi-pipes laid ovci Iho 
suiface of the giouiul at a liughboiing laneli wcic iL|ioiLcd to haic been thiown out ol 
almt'iiicnL 

H'alnu/ CiecL fF E Hatches) — About 60 pa cent ol all clumncis weio Lhioun 
(loan A vralui-tank at die Iivav sluUc lull Clouds in tliu giorir} si me ncir Lluuuii 
down m quantities The dnaction ol tin. shock was nol ascci tamable Tan bains, 
weak sLiiictuics, acic inoiod slightly fiom linen fouiulnlioiib PlasUi in scvcial houses 
a os ciaokcd 

Clayton (G D Loudubnck) —At tho noithein baso ol Mount Diablo the intensity or 
the shook a as much lew Ilian m Uic alluviated vnllcv-bottaiu at Goncoiil No chimneys 
wmc thiown doan, and no dislu^ noi gla*«waic acic knocked off shellcn, but milk in 
pans was dammed by the looking inolion On n lullsule rJjoic Peach Tioo dpi mg, on 
tlic west side or klount Diablo and soiy ncai l he lojiIolI ol tin Knoxville slialos and lira 
Fianoiacaa, a cinck opened in the {pound abouL 80 Teel lung, in a noilh and south 
duration, gapmg 4 6 moliea 

Commit (F E Malting) — Gonditiona hcic weio much the same ns at Walnut Clock 
The only busk building, a bank, was eiackad Most of Lho dnnmc} s wcic clocked, and 
about 60 pci ocnL had fdlcn A wnlei-tonk at tho dipol was thiown down 

Af<u/inai(F E Malthcs) —Meat or tho buck buildings lime bullinodaeveicly, ueaily 
all aio nunc oi has mocked, and tho atone facing or scvcinl was pailly dcinolisluxl 
Tlio toofs nr the bonk and othm buddings wine wieoked A biuall atone house, limit 
ot luge blocks, was completely muied, piobably oaing to i igoions vibialinna of an 
odjanmg wooden walci-tawci neu the Alhambra Ibitel The stones bloi tcxl m the east 
obutnienl ol Main Hticct binIgc Many window-inun* wne bmken Most ol die chim¬ 
neys weic biokcn oil Tlu 1 cnuit-liuu'si was litllo mpued, except loi Llie peiliiiipiil alxive 
the cntionce, wlieie many leige sionm hnvci bem loosened One at the (lunnic)s ol 
tlic Bull's Ileal Oil Winks lost a ctuiici, the otliein wcic left undamaged Tlio lailmnil 
tiook cast ot Maituiei, lieai Bull's Head Oil Winks, was thiown 3 inches uut or alinc- 
nlent to the noilh Many uacks oeeuued in Uii 1 (‘liikuikiiusiL on both sales or die tiack 
A Msicb of 6 small tinnsveisp waves was round in llie emliunkiiM'iiL about 0 6 null 1 west 
of Pcjtan Station Hu* ibstanee between cickIs was nlionl 10 Lo 15 root, anqilitudo 
estimated at 3 iiulm This embankment lies in dal maishi laml A small lailioad 
biulgcncai AianUlatmu n as thrown 4 uulics luaniil the tost abutment, but it had been 
lepaned at the timo ol tlic vital 

(W StixLlnid)—Buildings wuc IimmskmI m general, tin 1 fnmls of somo falling out 
Tlic noilh ami south walls seemed to sulloi most Pails ol a huge wooden building, 
paiticulailv the wnulow^sashes, wen* moved m a soulhucstcilj diicolian The wooden 
piopa buppmling anotlu'i building wise tilted a little tow aid die southwest Another 
building was moved 0 5 moh towaid tho south The southern pait ol the town was 
damaged nune than the nmthcin put Tn the ccinctciy 6 slabs and pillais tell a littlo 
east of noith, 2 pillais tell to the west, 2 pilloie weie t\u°ted an then bason and shifted 
to the west, 1 pillei was tiltod to the south immediately next one which fell to tho cast 
A dock at the couit-houso had its pendulum bioken The pendulum was about 2 I cut 
long The lei cl of the undoigiound watci lose of tot the shock 

Cornwall and Black Diamond (E S L&incn) —The towns eie about 0 6 mile apeit, 
both loooted on the bey flat end undeilam by a tough haidpon A veiy few things 
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wcic tin own liom ahull CT, one imkcty dninuoy was lluonn, nml one loiirielc wall in 
piacpvi or consliuctiun fell La* limn hall Lho clocks wen* slop!, tinm^U mnily nil 
alccpois wpip awakened Blast ot llu houses mo small nml I mm* Lei i ircolta plnnuicyi. 

Anliuth Hi H Laibcn) — Antioch is on the snino soil nl ginuud ns (.'uinwnll, hul 
time up nioic buck buildings nml ninn nmdi'inlc-sucil buildings with buck chimneys 
A low cIiuiiii“ys we ic Iwislcd un then lusts,, suvoinl wen* tliiown nilnolj nml hIniuL 
26 pm rent nt Ihrm needed lcpuiing ,ilU'i lho flunk Out ol nlmul 12 Innk lmililiiifp*, 
llic lowu nr the Ciilliolie chuicli was snincwluiL daniojpsl, uni chip npkplv <>Iil biuk 
building loll None ol the good limit lings uciu damaged A mi|ilc ol windows wcic 
biokcn,a lew dinks wcio stnpi, anti a lew Hungs wen* tin own lionislwhiw Ti>[>-]ic.ivv 
statuettes tipi ovoi ^11 bloopcis wcie awakened Hungs g< iipiall) moved ninth mid 
south, ai lunUiwcst and soullicnbl, whii.li beamed to be Lho gemi.il inipiossiini of Hie 
ducclian 

Bethany, San Joaquin County (Mi 81h1el1J.i11.111) —Thu nuiiciimit was hum noiUi- 
cnsl to southwest, nml was sulhucnl to spliuli wnlui fiom a full liourfi, but not sliaug 
enough to avcilhiow objects 

Byion IIoL Spnnys, Coiitia Co\la County —The spimgs, smuo 30 m numbci, hot niul 
eolil, wme not allccled by the cm Ihquake One i liuimcy uul snine plastm wero oiticketl 
uul a piotuie wu tluown hum tliu wall The shuck wnt> ciuisideiuil unite sui pic, Uiuugli 
the iliuMgp won slight 

Tioey (E Ciandall) —Tincy, m thp Him .loiupini Volley, Inn at tlio fool of Lho icugc 
bopaidluig Livmmoic Valley liom Hui Joaquin Valiev Tlio shook was uot at all bevcie, 
in fact it win spoken ol by sevcinl m> buing no haa\ iui tlinn Hio j tilling ollan occasioned 
by licavy onguics slniluig n loaded tiaui Yeiy low objects loll, uul in only one case 
wu an} daningp dune to a building Tina was Hio clocking ol a U-slury buck liuilil- 
ing which did not appear to bo aiicuially well constructed Only one biiok plunmey 
clacked, and none fell, bo it would apinsu Uul tlio budding emukod because ol Hiu 
pool oontatiuGlioD latluu Hum bcoaum ol Llio intensity ol the puUuiunkc Milk oi 
walm was spilt m only lew casus—nut over 30 pci cent Hu* wnlci-Uink ol Hiu 
Southern rocilic luliand at Tioey fell, oh dul sinulnr Uuiks nt Invention!, MpchuiLou, 
uul lAthKip llic mason lot Huh in a\pliuned m Hio description an a piccudiug page 
of tho cnnsLiualion or Uio tuik sup]mils ut Niles 

Lalluop (R Giuidall) — Tins w a Miinll town ujniu Hu* (Inoi of Lho Han Joaquin Valley, 
about 12 miles easL ot Tiaoy Tlic intensity was nlmul Hie mine ns nl Tiney 'ilieie 
was no appiocinblo difloicncc m Hie iiiuiiIh*! nl lallin oltjcalH hi slept clucks, tlio niun 
diftamco boing that a eansuleialilo luimbci til |x*o|)lc wisp mil alumni enough to get 
up One nun who was up c\]xsicimcd no dilheulty m stniuhng oi walking Tlio 
gcnmal implosion is that Hie shock was rJiglilly liglilei lliui at Tiauy, 

1 Am Hon (R CiuuLilIj —Stockton ib about 10 miles mu Hi of Nit In op, bul not muoli 
fulhin CBhl As it is a much bugei place, it was easiu to see Lho piles*lb ol (lip euLh- 
quake Not as much ilolulcd woik was douc m Hlocklun as at Hip oUm [daces, mmo 
it was known that III Eilwucl Iluglich uw« ciilletLing daLa in Hut oily Tlio ahaek 
was felt with aluui by |moplc m housea uul on the gioiunl Tin* mutiuii was spoken ol an 
bemg a lolling motion hko that fell an boud hlup Almost no objects loll, lvph ui kouws 
wheic tlieio wme tall vases uul aunilu biic-Arlnnc Ai mm diugsiuo two hltlo vula 
fell hom the shelves, at anothci oven built-up pyiumda of vuunu ai tides for window 
diaplay wme unrbstuibcd Milk and watci wcio spill in a vmy few oam.ii Spladimg 
of milk up tho sitloa of tho pans was noted by a few poisons, anil Llic (hioption waa given 
as northwest and southeast Many doak* woie Btopt, but thne was nolliing cousutcut 
in the ducat ion of pendulum motion. All of the big buck buildings wcio visited, uul 
no damage waa found except in on old 2-tloiy building which boomed moioly to havo 
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liul an okl ciack widened, due to the settling of tlie foundation The CiL\ Hall luul 
cansiduablc plastci clocked, but this was duo to the snaking of a 50,000-gallon lank 
on tlie loot Thico chimneys wcic clocked, and one was icpoitol to have fallen, Imt 
this was not sciified At the houses whcio the chimney* who ciackcd, milk, was not 
spilt fiom open pans, so it n appaicnt that llio chimney* wcie laullv and not tluit tlie 
unthqunkc wns seveie 

(13 Hughes)— A aoieful anil exhaustive inquu} w ns made at Stookton Mi Ed w aid 
Ilughn, uniloi tlie ducotion of Fiof J C Uiannci, and the following notes aic oun- 
tubuted by him 

The shock, while sliong enough to alarm mam of out people, was chieflv nntalilc fin 
the absenoo of tlio desliiictive elleclb cxpmiincud in many Ins 1 01 lunate localities It 
began w i tli a gentle ticmbling malum, which uiaeawxl slowly lei the hi si 5 01 6 ucinuls, 
then lapullr to a maximum of lough loltuig shocks lasting pciha|h 5 seconds Tliesc 
wmc followed by a senes at long, smooth vibiakuns, winch giadunlly dccieoscd m am¬ 
plitude until no longpi pcicoptible The ofleets, as nolrd bi many oliscivcix, would 
indicate that the heaviei shocks kavdad in a noith wcst-snullicnst dn cation, whilo the 
bmooth oscillations which moiked the latter pail of the disluibonce un neailj oast- 
wist The immediate effects, as noted m dwellings, dining the shock wcie tlie cloak¬ 
ing and attaining of building*, the swinging ol doois, the loltling ol window weights 
uid piotuiea an the wsllb, the swinging of clundclicifa nml diop-lights, and tlie bLopping 
of clocks Out of dooiB, some obbcnois claim to have noticed lira bwaxmgof tall buikl- 
mgs and smoke-rtacks, and man} mention the violent motion ol the bees, the blanches 
of which ladit Iqgcthei as if m a sboim Biulb flightened horn then lasting places flow 
in confusion, and the an was filled with thoir skulled cna> 

A aaioful canvas of the oily gnea the follow mg 1 Baulin m the wav of damages sus¬ 
tained Thcie wcio a Tow small aaoka in the niches in the hallways of the county com t- 
housc Jt ib safe to atkibuto this to faulty eanaliuokon lolhoi than to the violuucc of 
Iho shock, as a numbci of huge oiaeks had opened m sniioub pails ol the building soon 
aftai it was finished Ono wata-tank was oveiluincd, the suppoikag fiamewoik being 
msulhoioally biased, this tank fell about 15° casL ol soulli 

A laigo gosomcloi at tlie lialiual gns well 011 uoilh Omuincieo St 1 eel was bliglilly 
damaged Castuigs suppaikng the gunlu wheels wise biokcn, and the gas tank was 
■JigliUy Awn-led to the loll so thal the guide. winds wtic thiown oil the guides 

In Iwo 01 Ihiae eases ui the cily, the Lii|is ol eliuiiimva loll olt Kxaiiniulioii shown! 
Dial tho moitai luul nevci propel 1}' unilcil with thu bucks, owrng piobably to Uumi 
ihvness when hud In soscial cases lioubcb Milliard damage by tho bpilling ol wali-i 
lioni attic tanks 

■V-4tIo horn these eases ol idativd}' insignihranl damage, cvciything gnes testimony 
to tho cninpaiative geutlencss ol tho shook In china slon-i, wlunc fragile waits who 
displayed m all soils of inboeuio positions, nol a picco was dioplnc cd 01 biokisi Ho 
hi as ann be Icanuiil, no plastci fdl anywlinc in Un 1 city, and thcie was no Incakage 
ol biUh 3 rbioc 01 china in tho dwclhng* OIiscmhs wlio watched the liunulo luuuls ol 
daoks llut who not hlopt estimate tho duiation or tlie bhock at fiom 80 to 40 seconds 

Tlio heaviei shook* wcio un doublet llj* fiom iimthwesl to northeast Hus was bliow u 
m uncial ways Tanks spilt watci in both these duccturns,and the tank noted abate 
tell neatly to the faoutlieafat, although it* liamc ion appioMnutcly cast and west, anil so 
dimed some lewstancc to fioe motion to tho MulhLafat In MiCloud’B Lake, tlio waves 
ion noithwest-southeast, bicaking highest on the bank and bulkhead in tho southeast 
Ciiinei, while the noith side was little elleetcd At tho city pnmping station on Moinion 
Channel, a similai effect was notod Sovciol obsorvciB claim to have scan tall hmiHmjj i 
and stacks swaying m tho ducatian uidiealod, and thoso who wcie standing wae con- 
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scious of llic movement of then own Ixxlm in tho some ilnevluni Milk in o]k.n umcIs 
L ett u coating ol cicam highest on the nnilhwcsl ainl houllieusL subs, nllluiugli m ninny 
oases motion was also shown cask anil wusl 

While ihcio ib not. cubic jgiccuuqiL with left mice to Uu east anil west Yibi alums 
duiing the latlai pail ol the shm k, Lhe l.ugei nuiubci ol iilisencm plainly ML anil miw 
lhau cflccls, aiul tlu* evidence as to lUeu ULcmicuce sv< ms etan lusivo lJoois hwiuig 
coat and weal, swmging olijo Is, stuih ns i hop-lights, lunging linskels, etc, weic Imuul 
cithor Hwinging casl nul wi-.L m in cneles nlloi l he hlmck, nml pioluics hung on mnlli 
and wniUi walls ol moms showed Inlcnal mcilicaiiluiing the Inlloi paiLnl it Tanks in 
so venal oasob apdl wulei tail ami wcr-l, nlthoiigli mil m Biicli iiuiiiilitacs as m tlio olliei 
dneotums 

Tho following table indicates Iho clleolor the shook on Uio 128 clocks ooiiati mug which 
icpoits woio lccencd 
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Cloaks witli vriy long cn veiy hlioil iicnilulums iveia gcnoially uni sinpl Two Lawn 
olooks woie not sUipl One ol llusc, whirh, Uuniigli Lhe emnles} ol Mr JO. 1) Ginidy, 

1 was poimilled to examine, is in tho lown til Uu* county com L-Iiiiiim' Its linnie stniuls 
noitlieast and soullnvcsl, and its 1D0-|kiiiiii1 iiemluluni, hung ui tlie muLliwest side ol 
tho finmc, swings nmllieoHl anil Miulhwcsl, missing tlu* wlgr nl Uie non stand nbouL 
0 6 inch A deep stai ui lhe liiiiliogauy ixudulum liai iiuhndes IluL ilinuig llu* riiuek 
tlu pendulum swung hluipl} Ui the southeast, its liai nlnkiug Uu edge ol llu iron alaiul 
Tlu weights of Iho namo elaek lung in a nannw nhall at llu wile ol Uio tower. Tlie 
wuo pulluy aouls wliuli hupiuiit Llu weights weic found w lmilly twistnl as to mteirno 
with winding Uio dotk a day oi two altar Uio cuilluiuakc On Uie uihIiIc of iiumv 
olookhonoos aio found srais inaila by Llu all iking ol the ihsuIiiIuiuh Tlu-t 1 vain iue 
daepcsl an Uu mulb side in clocks foouig gohL oi wesL, and mi Uu west wile in clinks 
lacing naiUi oi souUi 

Homo poisons wlu weie outdoors duiuig tlu «dinek i hum lo have heaul a dull iiiiiililing 
somul iniiuoilulely piereding it They liml iL dilTicidL to di > si i iilu llu sminil im i unitely, 
and in Boino cases think it may have cuuuialeil fiom noniby Imililings A ooiiMilendilo 
numlui ol people sullcied lioni luiusea and diHincsH, with humlnclw, lor a linio allei Uie 
shock WiUi soino these disagiceulile gyinploun pmsislnl all llu billowing tiny 

Faimtnqlon, Han Jmijuin County (J V Uwin) —Tlu housn c|iiivensl, thou Uie snsli 
wmghls ol Uio wuuknxs lugan stalking tack ami loilh, ami a lunvy lolhng motion was 
felt wliuli roused qun doois to swing back and I 01 U 1 Tlu clock hbqit Tho nuifnao ol 
the giound nicnTil in hums like walu, aiul tacos moved wiUi Uu giound. 

Cmhal Han Joaquin County (H P Iligby) — In lianges (I aiul 7 15, lowimlups J and 

2 N, Mount Dialilo Meiulian and Base luic ( tluro wuo ni>]jfucntly 2 maxima ol oijiial in¬ 
tensity a ith inlcivoh ol a few seconds bat wean Tlu nppnionl dncclum was SW to NIC 
No objeota noi clumncys wmo o\ oi thi own Tlu Iml shook, and chamlbbn a, piolai es, open 
dooib anil bhullas weic aauacd to awing Windows aiul window weights raltlod Tho 
olook did not stop Papm on Uu walla was clocked Hu data loof on a high church 
town was clocked Thcio was scarcely a biaath of wind, yot loigo trees awayocl and boat 
as if looked by a Unnble gale Water in Iho wind-null tank aiul in other tanks olopt 
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o\ci, uul continued to do so loi 5 nunuLm nflei lho shuck Wotci was tluowu liom a 
bwunniing tank whine the let cl was 6 tccl below tho top ot the tank, walei at one place 
in the uvei was (hiown ovn a conoide wall S oi 0 led high 
Modesto (E Hughes) —In common with otlici point* in llic gieut intciioi valley 
lagion, Modesto loomed a vuy decided shaking up In Line caithijunkc, hul sufluicd 
piacticolly no dsinago Hie local dlcels wme the hloppiiig of clocks, the swaying ol Liecs, 
hanging baskets, diop-lights, anil cliuulchcis, anil in a tow enso* the Tall ot objocls liom 
insecuic positions in stoics ami dwellings Wales tanks and boughs, milk pans, etc, 
spilt pait of then aontonts, and in one oi two instaiicos macks opencil in liuililings 
No one, ao Ini .is known, actually tuned the ilmation ul tho bhoek in seconds 
Tlic obbCi vat ions or nuiiv (husoiis in and new Lius town indicate that the vibialions 
wme in two puncipolducctions via, noilhwesirsuu(hi.asl and appiouinUcly wisUcasL 
Tho lieavim shock seem* to have bcon in the hint ducction, but obmiwns me not in entuo 
aipecment on this pomL Cloaks ol lugrn sue weic quite gcnoially btopt, no umtlei in 
whaL dueebon they taoed fclevcinl pci sons lcpaat having hr aid n lonung m luinblmg 
aouiul, begmnuig a lew seconds betel o and continuing until the end nt Lite disLuiljanco, 
mid a numbeu of people wme ollm ted by symptouib Mimewhat like seasickness loi scvcial 
bourn atlci il 

Tho following detailed notes wiio obtained horn ulucns of Modesto ami vicinity 
(Mi SchaHm )—Tices swayed lunUiwtsUsouthcaat "'Hie ywau," a now building 
with giocn walla, ciaekcil at tlio junction ot the ceiling with the noillicobl end wnll, also 
at the junction of the ceiling with the fuo-w all limning tluu tlio ccnbi of tlio builihng Horn 
noiUiwest to aoullioobt The cioda in Ixilli cases wme on tho uccoiul itho top) flooi 
Tho building tarns nmthwobt 

fFlaym's Diug Stoio )—Bosac on bholves on tlio noi Lhwust aide ol tlio atoic fell towoid 
the southoaal 

(Mr Swanson)—Saw walei upilL southaast-noi Ihwcsl fioui tlio mil way tank at tho 
depot 

(A1 Fogaity )—Meat moiket Mi Fogutyian fioin tlio budding and on ictuinmg 
afbn the shotk he lound diop-lighl* and a liutchms' sink', nuspeuded by a single wno 
fioni the ceiling, swinging in a dueobon punllol wiUi tlio htusl, noiUiwcsl-noullicasl 
(Chcen Bi others)—Ileud a luainig nouud juht bcteic the shook Foil tlio bed swing 
noi Ihwest-bouthcost Plnslei silted down liom clocks m llie ceding 
(E E Woodb)—Mmoi lianging fioni *oulliensl wnll ic 11, on nccounl ot bioaking or 
the cold, on its face lowiud llio noilhwi-«l 
(Mi Chapman )—Ranch 6 miles aouLhweat ot Mmlrsto Walei 1 lough ouentod noi Ill- 
south spilt walm fiom both onds 

(Gauge T MoCMjc 1—Ilia bod wan standing noith-snulh The fust motion wns easlr 
wost, Lho aocond and imramum motion was noithwest-southeant Tioca sway ml noilh- 
wost-southenst Hie wimlow sash diojit 

(Mi Bidei)—Walei in the abect guilds movml wcaL-east in the fuot paiL of the 
shock, in the second put, noithwest-souUicoht 
(Mi Schaficr)—Twenty-one miles ooutlioast of Modesto The sliding iluois on a bam 
tionling east moved noith and south lepoatcdly duiing the shock A watci tiougli a 
few lcot away spilt water east and went 

(Johnson and Boss Stoio)—A pile of paint chub stool nathwcbtaoutfacust Scvmal 
cam tell to the nmtheast 

(G W Ebay 1—A tell, opcn-fiamed "Minion" clock facing southeast was found after 
the ahork with its pendulum lodged on the top of a moss-hu of tho home The position 
ol the pendulum indicated a aonuduablc ineicase in the amplitude of its vibiationnoith- 
cast-southweat in mda to allow it to swmg high enough to lodge Them wme sevmal 
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uniilai uses or bulged pendulums in cloi'ki facing in tlie muik 1 (lint Lum Mi I£ Elscy 
also notnl a unUi-lank spill csisl nml west, .uul tiers H«.iyiil in tin 1 sumo iliioctiun 
Ho luuud a liuiililuig snmd 

(11 Ilinlie)—A natiM-tank spill nisi .uul west A lunging lump swung in Uu 1 
•Aiiio iluerliiiii, diupping its Lhimnir (n Liu cmsL A 1m d mi tlu [niii'Ii lulled east nml 
west lie licaid a liunlilmg miuiuI duiing tin slineh 

fl&lilm of Uie Dad) Ilnald)—tied mnvcil uiiiLhiirsl-soiiHieasl 
(Fniniois 1 ami Mmliiinls' Hank )—Tin viiull is InulL upon a linmilntiini inilr]K'iiiIriil 
or the irsl of Uio hiiilding Tin* limit ol tlu 1 \niill, luring southwest, is winlunuiiM with 
a lath and plaslei puiblum wlurli rslmilH In Llu> rribng On the let l is n wuxli-iunin, and 
on the light an opening into llic loom ill Uu 1 suit amt Imok ui llu vaull Tin* plnslei 
paititiun isnai'kid whi'ie il joins tlu 1 lop ol the a anil anil pail why down the wdch, inulut* 
I1I3' indieabng a gicntoi amplitude nl nuitioii in the building tlinn ui Hip moip solidly 
coiisliuclcd \ null 

(W V. Haiti i )—At (Vies, (I null's miuHi nl ModesLn, a tank spilt umtli-Miiilli 
(W It High)—One imU* nmlli uT Mudestu, a tank spill nmlh and smilli dining llio 
cailv jaul of Hip shook, aiul onsl ami west Inlui Tires swayed mntli-sniith 
(hhupiip Stables)—Ihnp-liglilshwunp,nml wain in bough spilt lunlhwcslHsmilhrnsl 
(A L llollliun)—Milk |uuis on shelf supported by wurs hpilt milk wihl TI10 
shock was pircrdvil by a louiing sounil 

(Modesto Qas Woiks)—Walt* 111 the gusoiuetn tiiiikH spilt nm tliwesl-soullieasl. 
A ehandelior 111 Ilia building liuug by a t) U 7 li liieh gus-pi|K) J J lect long, nflei Uui slunk 
was o\ei tins (liniidehei was swinging 1101 llienslrsniilhwesl 
(J T MoNeelv)—Hint ion aaent saw Hu laihnail walei-lank spill 1101 lb west-southeast 
(Ediloi ol llu News) —A walei-tank belonging Ui J Uiie, 3 S uuH soulliwesl ol Mo¬ 
desto, was oveilhiown to the wist 
The lollowing weie the Hock remits al Miulesto 
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Caea, Rlanulamt County —The riioek was loll, Iml w icpoited ah mil soxeie. 
Oakdale, SlanvJaut County (F Q Keul) —Tim shock heeuml to In 111 a noiHieahl 
and aouLlniest dneclmn In the scliool-liouhe, n Z^slmy buck building, limluia lying 
in a noithcasl and Mmlliwebt dnec ban weie loohcned f 10111 llio emiciete al lira oiula, bul 
those extending noinud to thih weie ml allccled Clncku nLopl 
(E C Giawfoul)—A (lag-ixilo 110 Teel liifdi swayed api»iciilly nmlh and south; 2 
clocks atapl, natei in a tub moved nmlli and south, aiul a sbuul lamp Boomed to bp 
dightly nmlh and south unld hlcadied, but no object* wnu ovnturned 
Weslley, Slamdaw County (W Q Caicy) —Tlio town la on ndobo ami wlUi gravel at 
a depth of 20 fcol Fui niluic and pianos wmc moved amass Horns from tho walls towaid 
tho south, and quito a numbci of pieces ol tunutuie who toppled aver No chimneys 
who demigod, bul wxnal laigo watm-tanln wao demolihliod Thaw demolished watm- 
tanka thiu tho oounby oeem to have been rotated about one-fifth oouulm-dlookwiM 
Gaia on Hie back wmc moved al leaal a fool At the xallifay dopol, a 1,400-pound lion 
wheel was rolled back and faith fm a dislanoo of 0 foot northwest and southeast. Thmc 
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wmo 3 inn\inu in tho movement ol Iho caitii, anil tlic °cconrl was Ihr sliomiei Sumo 
men sleeping on i si ow on the nvci 2 miles on-t at WcaIIcj heaul a tumbling souinl bctuio 
an)' shock nas folt, nncl caino ouL ol tlic bunt to see what it was Tlicn Liu, slmck 0.11110 
and tlic walcib 10II0J and loomed 

COAST HARRIS EAST OF THE SIFT AND SOUTH OF MOUNT HAMILTON, AID THE 
WIST SID! OF THE BAR JOAQUIN VALLEY FROM WBSTLEY TO DUDLEY 

Ill the misL laiigrs on Uio uihL Hi'lu 11L the RitL, noulli nl Mount Hamilton, mul .ihmi> 
tlu* ui * 4 . Nib of the San Tooiiuin Valley, scltli incuts ncfiwaiul wnlih si alien il, so Ilial 
oppoi Luiulus 1 m ohtainiug data as to the ilisiiibulion of nitoiisii)' nine cuiirspuiuliugly 
late Tlin tautnii was c\ mimed by Mi G F ZoUnian, uiuLli llic diuitiuu or Pnrf 
J C Biaimei, and tlic ltsulls ol Ins ubsuiaUnih aiul of oLliUb aio cmlKjihcd m tlic 
following upoil 

Pathceo Pnn Road —Minting fiom Hullibtu, llio cuuntv ocat ot Son Buulo Count), 
tho aiilm ucul up tlic Pnchi.ro Puss 10ml ova tlic Mount Hamilton langu in Los Huiius, 
in tlic Son Joaquin Villoj Time .11c hut tew buck 01 stone chuniuvs in Lius ncighboi- 
liiMjd, anil 11141111 u.s wine ducclcil to tho splashing ol milk ami the filling ul dishes .uul 
othci iuo\ablo objects At the alliance to the can)on thiu which llio tunil winds, 
scsoial huusca weiu visited Only 1 tew dishes hod been hnukon anil milk wns Ihiown 
only horn inns well hllcrl At Bell’s Station no il image was done bc)ond tlu. 1 luv, ut 
milk lligji bottles anil dishcb bl am ling upon bhdvcs woic uuinjuicd Tin* icsidwils 
sny tint the \ dual urns weie tiom cast to west, ami hail .1 lucking motion llrluio llio 
shook a lumblo was distinctly lieatil coming fiom tlic west 

U 1 vidtlioiuob about 5 miles mnthwcbt at Bell’s SLaban, and faithci up 111 U&o uiuuii- 
tnins, tho duck wns of consulaiably km intensity 
Mountain Hama —Tlic shock was lcpoitcd as having ha n voiy mild, 110 dishes wise 
tlu own Eiam shelves, nor milk splashed fiom inns Tlu piopiictoi uLulos Unit llio 
caxLhiiuakc began with a noilli and south nunemcsit wlm.li lata ill uigml to the wist ami 
aesL Tlu dunk hue should In mlcd nl V 
Going down into the valley on tlu cast aulc of tlic Pjc1kco Pass tlu uitwisit) ol the 
slunk pcicoplibly mm eased At a laneh lunw 7 imln 1 111111 the pass, neaily all tlu* milk 
w as tliion u horn pans and all tlu wntis 1 mm t inks In a wr 11 wheie tlu n aloi was 7 reel 
limn tlu suilocc, some wsb tlmm 11 uul Ab uutiil by one gi atleiunn, watin was Llu own 
I nun a tank, liiat fiom ninth to south i hinging lalei In cast uul nisi 
Pan L 10s Rnmh —At tlu cast eml at tlu, \slky, on llu Sou Luis Ramli, Mi Mills 
staled that lu distindl) fell tlu, vilnalmiis begin I10111 uoitli to soutli, llicio w.is then n 
lull ot a tew suisnuls anil then followed a vmr noticeable cast ami west 111mfluent Tin 1 
huifaco ul llu giouml is soul to havo moved up ami dim 11 like llu nates ol llu in mu 
Tluuoul this \ alley, whuh ib maih* up ot gia\cls di'iiositoil on funui locks beiusilh, tlu 
shuck appeus to ha\c bean ncail) uiiiUnni 
La s Batuu —On emnging lioin mountainous diblnets into Iho doop alluvuil iilonis 
of tlu San Junquin Valley, tho mtctibit) of the shock inci cased, until at Los Banos it 
leached a nu\unmn A count ot llw chimneys slumed 57 pm cunt (17 out of 30 ) fallen 
All tho buck chimneys wiac damnewl, as shown by the acromion) mg pbulogiaplis 
(Plato 123 b, c ) Apoculini fcatuio ot Uic c licet upon thaw abuetuics a as liiat all llu 
damage was on Iho notllioast and routhw cut sides Flame 1 Holdings weie not dninagod 
beyoml the talhng ot plastoi, 01 the thiowmg down of chimneys Aocoiding to tlu 
Btatonunts of the icsulcnls, uul Lhc data obtainable, tho \ ibiatuns wcic noith and south 
Volla —Out of 7 chimneys C wcio thiown down by the shock Tho plastci m fromo 
lion*es was conoulciably danugod, but none of tho buildings was tluown bom its 
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fouiulalionB Tlio town hoil no buck stiuctuics Tho unlci of tlio nuniby iiiigatum 
cbubIi had, in places, been l In own up on tlio honkb na much as 0 fuel above the uaunl level 
Ne union — Fioin Los Banob tuwaiil Newman llio intensity ot tlio shook appeals to 
haul elect eased At the latlei plsoc, out of 8 buck biulihngs only one, just constituted, 
win Uumvn down, one was ciackeil, while the leiiuiiiinip, (> vcic uiidnmnged beyoiul the 
falling of a htllo plaslei bi\iv pm mut iJfl out of (it)i of all the bnok oluiiincys fell, 
nllho little* otliei dininge was iknio to finnie Iioum-h A man who saw tlio iiH/MO-gnllon 
laihoml wnlm-lnnk fall Blated lliat a( the In ginning ot the slioek it licgnn to sway noiLh 
and south, (hanging latei to oast and went, anil iinally falling towiud tlio went 
Clou's Landing —Out of 18 chimneys only 8, m 10 j poi cent, Cell Gaiisuhnuhlc 
watm wns t hi own liom Uio tanks At a brick oil-pumping station altoul 4. linlea north 
of Clow'slanding n lew cinrks voio iniule m tlio walk Tlio luge od-lanks and wain- 
tanks wmo undamaged Peoplo in thw nuiglibailiooil hlale that tho diusitiou of the 
vibialiona wns fust Hum noilli to south, elnuiging lain to east and we*t Opinions clifloi 
on this point Many bImi htate that a ciiculni motion wns |x*irepliMe 
Oioyiun and Tl'aHey — Tlie town of Giavmiii is oil llie Imnks ol the Han Joaquin Rival 
No dunngp wns done by tho enilliquake A vis v Tow things wno tin own fiom tlie shelves, 
but no chimneys weie Lluowii down At WtnUey nil tin* ehiimievs wme fiiuiKl intact 
One poaily biaccd iBihnail waLei-Lauk tell, and ono lemameil standing. Tlie people in 
this dull lot maintain that tin* rluoclum of gientehL iiitcnsily wan nnith anil huiiUi 
Fiom WaiJloy to Mount Hamilton —Fiani Westley tlio wulei tinveksl up Uu Aiioyo 
del Puerto ovai into San Antonio anil Suita Thaliel Volleyn ami up to Mount Hamilton 
There aio but few houses on the east side of tho Biimiml, mid hut lilUo data was eollooloil 
Tho best was olitamed at tlio Phcvniv Quickmlvor Muie Here tlieio uo mvunl bnok 
buildings and ehuimeys, but no damage aL all wan dona to Llion liy Uia eulliquakn In 
tlie tunnel thorn wan no shirting of shorn At Mount Hamilton Olnervatmy a couple of 
chimneys weio aiacked, hut mnio foil Worn Mount Hamdlon, tho wiilor wont to 
PUoanos, m San Rcnilo County, tin u tlio Panoclio Valley to Moiulola, (lioiioo to 
Dudley, Cholamc, and Pooch lira 

Parana —Going fiom Holliatei towaid Paicmcfl tho intensity of Lho earUupiako 
lopidly domeoaod At tho IniLei plaoo, which ia on the giavola deiKniloil hy Tres Finns 
Cieok, none of tho chimneys (3 in nuiuhci) wme damagori, nor wme tlio cloaks nlopt 
Watm and mdk wmo Uuown (torn thmi leccptadlos in on mwl and west direction 
KUJtorn —At tho Elklunn roadluniae tlirro wmo 3 olooka, tlio ono faouig nnith waa 
nadiatuibod, while tho olhm 3, ono faemg south and tho oUim mat, alopl No water 
was Uuown fioin lho boughs nor milk fiom tho iians A fow miles nmlliweat of Klk- 
hoin, the milk waa thiown horn pans on llie nci thwart anil Houtheast Rules. The infci- 
niatian obtained fiom the icsideuta m lognid to Uic dueolion ot tlio vibiaLians was vmy 
eantradiotoiy 

Sand Pail-office —At Emmet milk was thiown out in small quantities, but no 
movable objoota won moved or upset. Non tho summit between True Pmoa Crook 
and the Panocho Valloy, the shock waa so digjht that ponplo did not think of arising 
Nothing was thiown ovm, noi waa milk aploaht fiom pans Horn Paioonos, whoic lho 
intensify may bo mted at about VI, it gtatluolly domoanod up Tics PmoaCtook until at 
its oouroe the mtenmty was about IV. 

Prnoche Valley —This logum lies on the cast mdo of tho Coast Rangas. At tho hood 
of the valley tho shook was bo Blight that aomo of tho inhabitants wmo not awakened 
On gjomg faithai down into the Iowa ground where tho soil la deeper, tho intanaity was 
dighUy gieater. At Hie Fanooho atone water was thiown from tho tank, but no didua 
ware brolmn After leaving Ponooho Valley, no doftmto mformatlau was. obtainable 
before airiving at the Chainoy Ranoh 14 miles west of Mendota. This ranch ia on the 
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plains un the vnl side ot the San Joaquin Vnlloy Tlic siipciinUiidLnl saul that votri 
was thiown out ot tioughs in a noilhoad aiul southwest dm cliui Movable objects 
note not dibtuibrd 

Ml mint n —Monduln is on llio loiv ulkuli plains an Un 1 wi-A side ot tlie Sun Joaquin 
Rivei in Fiosno County Tlie inLcn-ily ol the shuck was lumpvialivcly light In the 
town ilieic nine 17 Link chimneys niul nut one was Lluown down The laihnad lunk, 
Iwo-tlimlh full of malt 1 ! at the lirno, was r-hukrn down, but it was voi v ihm i inch built 
anil unlv a vci\ -mull vibialum wasnoce-mu \ to oveitlnuw it ItnLlli s anil othci unstable 
ailiclcs weic not dislmbcil Hu. pinpucliii ol uiic ot tlic hutch, who was up, stilled 
that tlio hist movement wns east and \uht, tlic -Luond nuilli and Miuth, Iciimnaluig 
w ltli a decided lavnl People wlic olz-ei \ eel the plains at tlic tune said that they a-sunns! 
a wave-tike apppuauic, niul tlmt tiains lose uinl foil as the undululioiis past lieiiealh 
the tiacks Tliev also slulc lliat this wave motion was (.onfhi'il to tlie noilli and south 
inovcineiit, tlie oast uiul west motion being nmic in llu: natuu of a tienim In the 1111 - 
gglcd lands south of Mendnta, coiisnleinliU. waUi was Uiinwn fiuni the canals 

Menduta to Conimpt —At an oil-pumping sintum 1(1 miles Miuth of Muuliila, lluie 
wcic 10 Inigo tanks, ot these tlic tools funsubstiuiliallj Inured; or 0 cavitl ni, ami much 
oil was tluuwn ovci Lln* sulrs The hiicknoik ol Uui tuinuris wan not mat kul At 
the iniv li-hnuscs, about 0 miles oast id llu* pumping plant, milk aiul waLci wise lln own 
liout then uccptuhsi, ami cnusuleiilik 1 dama^i* was done In llm biisikmg out id llu* 
ln*ad gates in Uio canals Theilucdum of gicaLchL inUusil\ is said to huve Inh'ii east 
anil wusl Many people in this icgum sufletud timii a nansuiLing m usalinu following 
tlic quake 

Coahnga —The tops of a few ol the walls of buck buildings uiiu slightly damaged, 
as shown by tlie accompanying phologiaph tPlato 123 d 1 A lew dislus and Imllles 
weir thiown Lioin the shulwh, and wnlci was slapl out ol Llu* tanks, but ncnii* rup- 
siicil Tlic diiccluin ot greatest intensity of the vibialiias was noillictisIrsoulliwfHL 
At flic oil wells no ilauuigu w oh dune uLhei to well- in |xpe lines At a pumping statuui, 
the buck lining id the fuinui* was ciaeki.il slightly Consults nidi* oil was tluuwn limn 
tlie tanks In a huge liscivnn oontaimng No 10 ml ferny besivy), tlie ml was lluown 
up 10 uiahcs an the lioillunsl aiul MiulliwisL sides In a pump having No 10 giude, 
llu* oil wob splasht 3 Led up liic miles 

Dudley —Going south hoin Conhnga thiu llu* Kcttleuuui plains, tlie intensity ol 
the shock nppaionUy dceieasml, tlio Uieio wen* mi few inhabitants that it wits imimsulih* 
to grl delimto data At Diullov Station la faim-liousc; nnllung mi the shelves won 
disluibcd noi hod milk m watci slnpl avei It was ividoiil lliat tin* cnilhqiinko 
was Um intense than at Coalingg Eulciing the mounlains wist of Dudley, then* was 
a Liuthei dccicaso m the uitonsity 

ChdUime —At the cist sale of tho Chalamo Valiev, llu* occupant* or a laiirli-liouse 
hail not foil tho shock At Cholnmo Fostrolhcu the sluiek was felt, but vciy slightly 
Tho postmablci slated lhat it liod a locking sensation ioUus than a sliakuig mie At 
the Chdamo lancli a mud chminry about 7 teat lugli was lcdl staiuluig out by iLselt, 
unhoimud, but vciy inseciuo 

Paikjitlrl —Neat Fsikfleld llioio aio fis-uus m tlic cailh, beaung N 15° W, known 
to have i\iBlod sinoa the fiisL coming of whtlo men In Mine placab tlic depiessionb aio 
35 fed docp These Hstuncs weio not icopcncd at Uio time ol tho late cmUiqunkc 

Stone Canyon Coal A/iiw — At the oual nuno the chock was vciy noticeable Tho 
fueinon on duty the morning or tho luthqunkc stated lliol the smoke-stacks, 35 lec*t 
high and guyed, swung causulomNy in vaiious dueclions No shifting occuned in Uio 
hliata ot the um lei pound woi kings It was slated that the movement was noilhcast 
anil southwut 
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Ptaihbec —As Penchlieo no* apinruclicd, Ihcic was a pciccptiblc use in the inten¬ 
sity About 2 nulls east ol the pusl-ollii e, di-liiN hiul bun llimwn ovei anil milk hjnll 
tiinn pons At tin station iW-ll, linnmei, nothing luul heist nvet turned llic icginn 
visit eil bctueeii Cliolnnc* oiul Fiui'liLicc is m small \ alleys lying in the mountains on llio 
west snip ol thi Salinas Vulley The soil i», luiulieio ihep 

Caulrn Ctnl, Fttsno ('minty IN li Ialhs) — Tin* sIiin k nos si veiely fell in this irgnin, 
anil its ilueetiiHL wns soutliisisL-imillinisI V senes ol landslides causiil by the nulli- 
quake wise icpraled by Mi Lillis, evtcuiling tioni llie linithuest mms of T IN, 11 
14 £, M D M to the mulille pail ul T 1A, It 11 K, u ilisliuu e nl uluml 2.1 miles The 
featuii'S ueie not at hist icengm/iil hr Mi Lillis .is landslides, anil an they oremied mi 
the east side ol llic Cnnul lliuigis, on tin* houlii ol n poilinii ol the Hail JoaquinV iiIIoy, 
whcio tho intcnsilv nas aliiioiuiallv higlii the liyiMillicsis wn*- euleitumid llint these 
might have been a supplement rut limit m Ilia! legion along the wlge of the mountain 
lungo Hie leinaikable nlnieiiient ol llie tontines lent support to llim siiggesium The 
leguiu whs, howcvei, subscquuiLly visited by Piul (1 I). Ijoinlislinek, in eiimpiiMy with 
All Lillis, anil llic Iraluies lepoiletl liy llie lallei wise round to In laudslultH l*ii*- 
fessoi Louiksbaok furnishes the billowing note legnuliug them 

The phenomena lenmlcd In Mi Ldlis nie neves nl Luulslkles In null ru<e llio elleel of 
tho movement can lie fulloucil mdelnil iiinihliiiijilrdelimileil Theltiiiiiol ilia moved body 
is lypimlli tlial ul Llie landslide m eieli last', with llie rlilf at the u]i|MS eiul eiiivnl and 
ennonic lowaid llic lonei jaiLil uf Liu* ulope Tin* iiiohh hits moved nwny and diiwnwaiili 
tailing in some iiislanees an 0 |xsi spam in fissuie, partially idled al the inesent luiie (May, 
10U7) b\ caving Tlio Inuk ilifts, followed mound, guuliiully pawt uiiii luleml lilancs of 
moMsnenl, whirh (hcinsolvu mo wmoLiiuos gnping on llie iiioin olaviitnl aula, showing a 
loiwaid and tlighlly lulcial muvoinonl nl llie mass (See plain 12Au) 

No gcncial flnuio, fault, oi l iTt was olisisvisl passing llnu in neui I huso huulslules, nlllio 
a laictul aeaicli was made fin surli Ionium I suspeeLul ul fimL that llieio might lie Hurli u 
uti-liiie, because llie landslules me uppinviniiilely along one lino oi linlt This appcuiH, 
l in win oi, to lie due lo llie Inel llinl oiui imiluiilar Lniiiiatuin ih ruprdully fuvmnhln to land- 
sliding, all the slules thnl 1 saw along llio linroi pull of the inngn lining awiaeiiilcsl with a 
think ladduh-hmwii diale of u defuulu sLiatigiapiuc lioii/un ffrpnif) Tim gnueinl hlrue- 
Liuo of tho i lingo causes llie iinLh uf uny given limi/oii to milts op along a linn lougldy 
pmallcl Lo llio tango ficnt (a|iiiiiiMni.ilely nm Lhwest-ioul IuuihI) Tlio lmulslules all limkl 
iiesli, and act aiding to Alt Lillis smeial of llunii (and prulinoly ull id Lhimn uiulei enn- 
sideiation) wcio paused on Aiml IN, 100(1 ] made a tup lusum (he IiiLIh from Ilia valloy 

to New Idiia and noted nothing lliul uppoainl lo lio a iceoiiL hmsiiiic lino 


east sun or the bah joaquih valley south or modbsto and the adjacent 

PORTIONS or THE bttopa NEVADA 

In this legion InfaunaLum icgaullng llie uilnraly or llie fJuiek is rulhet moiiI Tho 
shook wan m genital not sufficiently ni\cso to cxailc alaini, anil implc as u lule clld not 
note caicfull) its cltccls at tho tune Such rccoids as me avmlnhlo mdwulo that on 
intensity longuig fiom VI to V incnulcd lo tho oasUnn odgo of Uio valloy, but that it 
died out tapidly in tho mountouis boy and 

Merced, Muced County —Glocka genoially wcic alopt, and hongmg objocts wuo 
oauiml to awing One chandchm was obsoivod to awing noilh ancl south, and than in 
a eude 

Madeia, Modern County (P E Smith) —Tho pimoipul diatmbanco won piocodml 
by a ti emulous motion foi about 10 seconds Thcio wcio 2 maxima In tho piinoipal 
distmbonce, the sceoml being the otionger, and a tiemulous movement succeeded it. 
The appment dnectum of the movement was bom southeast to northwest, and objoets 
wme ovmturned taroeid the noithwest Tho duiatlan of the shook woe thought to be 2 
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minute* It nos seveio enough to lattle windows and more dooia, to euioo tho bod 
to move, to awing hanging objeete and atop docks, and to oveithrow ornaments, vases, 
eto, but not to tin ow chimneys Inolhoi pat ts of Modem County tho shock w ab lopoitcd 
fiom Daulton, Magnet, and Gold, but without sufficient details to aBoid a olcai idea of 
tho intensity ol the shock 

Fmno, Ft» no County (A C Olnoy) —No VI of the Rossi-Faiul scale desciibcs 
conditions hoio quito aecuiatcly Hicio wa* a genuisl awakening of dociicis, oscillsr 
tion of blundclunb, stopping of docks, and conadanble agitation of tiecs Some paoplo 
ion out ol thui housch Waloi m tiouglis was spill out, etc No damage was done 
to buildings 

(J P Bolton, obscivoi of the TJ S Wcathci Buieau)—At tho time of the caithquake 
Mi Bolton was on the thud float, standing wain a window The t - |mn of the shook was 
5 h 18" StT The fiist shock lasted about 10 seconds IL stopt clocks, swayed build¬ 
ings, goaolicis, lumiluie, unlocked-dooia, window-weights and shutteis Theta was a 
si 10 it intend at cessation, thou a second shock nhich lasted about 30 seconds, but was 
less sevuo than llic fiist It hail a ticmulous motion which gi actually died away Each 
shock developed its gioatosl intensity' nesi its beginning Tlio appment dueetion was 
horn south to noilh Tlie mtcnsilv of the fiist shook was sufficient to sway the stoutest 
building and diblinb its contents without displacing them, and to damage walls slightly 
The only sound obscnal was that onused by the jailing of the building, eto Many 
dogs hoiked vigoiuiisly shmtiy hofoic the fiist chock 

Racdlcy, Fiano County (John Fan wether) —Hie shock was north and south, 
docks stopt, borne plastci was clocked, but no chimneys fell, a boot dooi wlubh was 
looked was caused to swing open At Concjo wata woe dopt out of ditches to the 
nmlh foi 40 feet At Jameson 2 distinct ehoclca wcio fdt At Biveidalo, luingmg 
objects weie caused to ewuig At Kmgsbuiy, a alight diode was felt At Fbwlei 8 
wdta weie filled with sand At Seugn a dock was stopt 

Fiaafm, Tulaie County (F A 8wauger) —A looking-chau locked vigoioudy nmth- 
east and southwest, but no shifting of Uio chan woe obsotved es it looked The swell 
end fall or the coith-wave eeemed bhang 

(A M Doty )—Foui shocks wmo fdt in Visalia, the last being tlie mod pianouiicod 
Tho town dock end almost all pendulum clooks m the city stopt Tho vibiation was 
fiom noith to south The Doha Building, a two-stoiy buck shuotuio, swayed to the 
■outh so pcioeptibly that it acomad difliault foi it to ltgaiu its equilibnum When it 
dul sway back, the bn ioor i allied as it some ana woie pounding an it with a hammoi 
Plastically away body in Visalia was moused fiom deep by the quake 

Dmuba, Tulmo County fMiae L II Tindall) —Them wob a smut diook A dock 
at tlie bank stopt A mask in a buck building was so cnlaiged the wall had to bo 
stiengthcned by lode A chanddici swayed fiom south of southwest to noith of nmtli- 
ooat Ekewhmo in Tulaie County shocks wmo lepalcd at Extei, Kawcab, (ham, 
Poiteivilla, and Tuhue 

Bakatflitd, Kan County (A G Giant) —Tho shock woa stiong ennu^i to rattle 
windows and dooia Oil dopt out of tonka m the oil-fields 5 miles to the t 

of tho oity Somo docks oio lopoilod to have btopt. 

Isabella, Kan County CBtophcn Baiton) —Mi E King, lying m bed, noticed the 
swinging of a pistol ooabbud suspended by a otiap duectly over his h—d 
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BAST OF THE 8IERRA HEVADA 

IlAlA COLTII II l> D\ fiEO ]1 IOUDIIMIUE 

Ganaal uuU —Tu Hip tonne along tlic casl bnsool llio SiniaNcindannil n illiui 25 01 
80 mill's ul Llio bev, tho shock was disluully lull, movable oIijpcIh wimp seen to owing 
mul hcaul to bump oi intllp, and a vuiy Hiiuill iiuiiiboi ol peiniiw wnn annkenud 
Failhoi oast tlio most noLablo fcaLuro ol Uip icpoili in llmt nlicicvei tlic cllocls of the 
curlliqiiako wao uuulc evident) Uio iihvsienl Ngps, Mich us tlic Hwiuging of buspeiuU.il 
objcotfi, ole, wcio ilusci ibcil almost Lo tlic u\clusion or ducol physiologic al oircOs Hus 
is nppaionUy at voimneu with llio piuinplcH upon wlurli Lite ltussi-Fuid basic ih founded, 
as the first 8 gnulcs ot uituiisiLy, beginning wiLli Lhe lowest, oie linsnl an feding, llio 
visible ilisluibanco of objects not beginning until giuilc IV is leaehcil 'fins niny be 
iluo cntnalY oi chiefly to the billowing omiditioiw Settlements aio fow and fai between 
imil many oonlaiu a vciy small nuiubci ol uihaliitants When llio cnitliqnako ocemred, 
the gioat innjmity wcio asleep, anil the few who weie up weio moving about at octavo 
wuik anil nine in geneial not ol a sensitive Mpe Tt is tlieieloic pmljalily unimssible 
to get satislootmy aiul collect statistics uiilii atmg llie distiilmtion ol the aonm of mlen- 
bity of the fust 3 giailn, and the scnsiblo circrts of the curllupiakc pi olio lily extended 
much foillici east than lqxnLoil 

Pci hap* the most unpnilaiit of tlic physical signs inputted is llio dislinlianec of smooth 
walci surlacps In fivo iiistniices, al Unee dilfeient locolitias, ditch teiuleis or Irnpiloni 
noticed an agitation of quiet walct mu boos anil that llio walci ligldly splasht agonist 
tho sulcs as if fioin low wavea, oi as in a vcssnl ol walei wlini it u slightly tillod. Aa 
tho mo r ping was deal and cnluoly witlinut wind, it imprest tliom as peculiar, and the 
malLat was loiioitcd wlian they went to breaklast Tlie nnggcHtlon of one that somo- 
thing peculiar liail liappancd, anil of annllici tliat it was an cfullupiakc, was caoli in its 
placo llio mciU'iiiciil ol sallies ol wit at Llio axpanac of Llio rcpaiLois Wlien nevrn of 
the California cmlliquako icached them plarni mvciol liouia afterward, tlio timo was 
found lo agree as aloooly aa dolotmuiablo with Uio phcnoincna of tlio inomuig. In oadh 
of these earns, howova, it was lcpoilcd that no aliaok was fell. It u Buggaaled that 
with modelaldy loog waves aucli suifaoaa may inovo vary Bonailivo hidioatom of mtoor 
situs down to the lowest dcgioo an llio aoalo 

Tlio faitliest point east at which aatthquako offaola woo lqxxrtod was Wnmnmuooa, 
about 340 miles fiomtlic lault A caioTul soot oh was mado foi pci sous who liad Dolt or 
scan indications of tho shock Only ono apparently authentic caso won found, and that 
was of a numo who liad toLued a litllo after 5 o'clock, aflei a mbit's work at tlio County 
Ilbspital Sho was lying quiolly in bed and fait no disUii banco wbalava; but nollood 
a hanging lamp swing gently book and faith. Careful inquiry at newspaper oflioee, 
the telephone office, tlio poataffico, and of tho laihaad agant, tho woathei buioau ob- 
saivor, and many individuals in diflacnt paita of Uio town, failed to discover another 
obscivalion Thia la rathoi lcmaikaUe, because Winnonnicoa is a town of aansuloiably 
oser 1,000 inhabitants It is bdhevod that Uio ano dofhuto rapaiL obtained is eorroot, 
and, ns oouoboiativc testimony, may be nddod the lopoits from two athar localities 
almost as far coat aa Winnoinucoa, m wludh similar phenomena wore daoenbod (m ano 
the dutuibanco of a watoi suiraco, In tho othai a swinging lamp), with the fuithei rindr 
loiity that no thook wob fdt. 

The elqngptaHn of the mtanaty sanes in a northwcst-Bouthooct dhootlan Is markod 
The shangpst offocta oast of tho Sion a Nevada wmo felt with praotloally tho aamo far* 
tensity fiam at loaat Siam Volley to Lone Fma (about 250 miles along tho range), while 
50 miles oast of the Siam tho intoniity had materially lammed, and 100 miles coat 
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lepmts up pMcluall} unebtunaUo This agiccs, ol couisc, with Ihr clnngption of tlie 
locus ot tlisiui banco 

lb aim appeals piohublu that thr sensible cftcd 0 c\l ended Initlici along llumholdl 
Valiev, which is pi i(1icnll\ paiallcl to the dnccUun ol iiiopafijlmn tluui along those 
Inns wlieic siilpi wvu innunlain lamp s wuc tliinvm uioss the advancing wan s, at in the 
southern Nixaila legion 

Xu most coses tlio iliuction of vihiatian was giun as nnith-soulh, 01 noi tliwest-south- 
east , tho iii leva 01 Hue c cases noitli ol ivest to south ol cost, 01 rait-wcsl, directions wise 
gi\en Motol tliecliKhsicpiiilcdsIcipl t*uoduoiUioi south, a few lured west 
In i ti w rastn the statement was mailt. tlial tluno wuie two shocks vuy close logcthei, 
bul most of Uie olrciveis did not distinguish uioie than one 
Di tails loi Liu* vaiious Inulilios I allow 

Round //«/t, 70 miles mn111 ol Reno (F McMillan) —A distnu L cuthquako was felt 
which lusted auvcial hcconds 

Pmrinc Maimlmn — Anuinl mm ofiiuiclicihanil iiiinei<> wcicupat the limp nl Clip enith- 
quake, mi I he mu III hide ut Piauni 1 , about 10 u 12 miles uorthwist ol Reno No ono 
notirpil tin shuck uni nn\ liuliuiiions ot it 
Rluu —The sliuek was disiiiiLtly fi IL by a iiuiubi i ot pagans Some wise awakened 
Tlic meat liiajoiih knew nothing nl il. A gixul nccnuiiL was giun by All Jensen, nf 
the U S Wialliei Uuicau Tie was m tlic ulhci to lake instiunion!al leadings Tin, 
ufhci is on tho fuuitli llom ot i lcctungulai buck buikling, lungcM enst-wust lliun noilli- 
south He. heaid some picluies ml lie and thought tlic junitoi wait getting icmaikably 
inilustunus iluwnslaus, then he noticed that they wise all i alt ling and similised that it 
wob ail caitluiiiakL Ills attention was at li noted to an electup bulb on a long wue limit¬ 
ing tiom tlic ceiling, only a fow inches tiom the west wall II wasawingmg so as to luL a 
metal nipplo on a pipo in llio wall, thus nuking quitp a noise The building bcpiiuxI to 
sliake east-west 

Ohnyhtiuv —Many wric intcrviawrd, bul none hail Mt tlic shock While time aio 
one at two vague upoits, a is pi ol able that no one ically lelt the i fleets at 1 his plopp 
Watkwoilh — A canvavc lailul to elicit nny dchiuLi account Tlic imslinastei clauiicd 
ho talked with moil}’ people, bul knew ol nunc who had obcivcd the diock 
Ilmen — Quiteanumbes ot people wcie inLciviewed, bulno gooddofimteaccount ccmhl 
be obtained. Most pooplockrulidlv had not, Felt it, and waonotsuie of buj one who had 
Tlioie wcio one oi Iwu boat icpnils or purlins who weie supposed to liasc lelt oi obseived 
it, and one man admitted having noticed a "light shuck " 

VnqmuiCUt/ —Onl\ a lew i««ons noticed the slmck Mi D T Smith was slcepmg 
on tlic thud (linn ol a lcelangulni buildmg that st inds essl and west lie woke up and 
lelt a num imsil ol tlic liuihluig An electi ic glnlx siispemleil bi a caul liom tlic ceiling 
(abuut fi leel) sviajiil nhuul 1 5 inches with in elliptical iiimcuiciit, the mujui axis a 
little noi111 ol west Nu one eU*> in tho buiLlmg noticed it 
II ahuska — A tew an uqioi ted as feeling a “ |ai " No one noticed tlio ducction 
Yenitfiltm — A Jew lelt llu shock It was light and dcsLiibed as noith-^oulh Ono 
pci son hi bed but awake said the lied locked ami a cui lain swayed noi til-south, pioducmg 
a soil ol diirv sensation 

Fallon —Thiec ppinans wcio Iuund who elaun to havo been awakened, they weio all 
women and light "Ici'iiPi* One (Mis ]£ W Block) nwokg and lusnl a naM winch aha 
thought woe the iattling of tlic window wciglits taoiliei (Mm I II Kent) awoke 
heating a noise like the i alt ling id a window She also noticed a bud rage and a hang¬ 
ing plant swing in a ncnlh-south duecUon, tho distance fioin tlic point of suspension to 
the centei of giauty ot these boing about 5 ieet Otlicis in the home houses noticed 
nothing. 
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II is ic. polled lliat ililcli Iciulcis mi the (invciniiieiiL unguium rniul noticed a (lihluilt- 
anco ol lliu watei nmlnre, mill light spljshmg nl tin wnli'i ns il 1>> low waus or locking 
Thqj icpenlod il ol uauip in llu> nun mug miiiic hums In line m ws nl tlu* C ihliiiiiin enilh- 
cpiakc armed Ducil listuuoii\ in l.u king on this imiiiiI, llm the 1 li'poil w.is gi luinlly 
believed at tlu Uiihiiiuituni Bcivici (Mens .il Full mi ami Hiueii 
Faimtw —llcpoits hum scvci.il minus tut* to tin* cllcet 1 licit no slunk nils h'll, mill 
no ilisliuiL cvuli nci 1 ol tlu 1 aaiLhipi.ikc wns olrwiveil 
JmclIihL —Heveiid clinks an* siuil to have slopl, IniI sonic ol the ic|niiIs, llm ilncct, 
Mini to be uiii el ml ill Sc* veinl iieimus weie awakened (hie 1 (111 Dawkins, ]iuiiri]Nil 

id the laivclmk Kiluml) lell a slight slinking, otluus hnuil a ilium an il a iieimn weie 
knmknig, ni llic liluiiK 01 veulilaliiih hail i at I let 1 One leauil the imwilci hniisc had 
"gone uii 11 (F J (huiuell, A 0 lkr>k, C II ValiiiLuic) The cluck in Liu* lintel is 
said to liaw stnjil II linngs on an eiisl-wisl null huiI huih siuilh The station doek, 
ni a suiiilni pcjsiliiin, was nisi iciniiIihI si opt On m , ii > iiiI Hindus N lo 12 miles Ninth ol 
Ijnvelnek the liugalnis noUiiil waves m splashing m chlrlus ni ennuis, mill leiHiiliil llic 
same at hicaklasl that moinuig Dilclus evleml niiilli-siulh, tin slope is veiy low, 
aliniwl lioii/unlnl, uiul the walei suiliue smooth and epud (John Niilhinu, ungaloi 
loi Ijovelock Commeieud Co , l’elei Nuke i, i.iurluM , Janus Jensen, Min of inneher, etc ) 
One iquill s|N>aks or a lamp swinging TIiin* who saw llic ellnts on nalci suilnms, 
mill ollicis in geneiid, loll no sliork 

Atitt Cttij —Tin slatuni agent said he hail no puMtive unlit ulnum ol the euillupiake 
anil no mu Tell il 

UmuMnlle — Tom Puwell, a lmiihei 4 nulls ninth ol ITjueiiivdle, ni\s that lus wile 
woke him about dayhgltt, mid callesl lute alleution to the lamp swinging Tliey lell no 
slinking They imlii nl lalni that a line dust I mm lliu aelnlx* walls hiul numlilixl clown cm 
to tlie suiluee ol llic eicun 

IKinnemurcic —Aialliei thorn canvass ol the town was mode lieeause II in the faithcnl 
east at which any lepoil oT the cmllu|iuike was made. Only erne definite uocuiuiL was 
oblmiivil, uiul it ia Iwheiid to lie ichalilc Mis Slornie, nuihc nl Llic (kiuuly Hospital, 
hail lieen cm niglil duly mul had jusl ictiieil As hIio lay cpilc^ly in lml, she uolieeil a 
hanging lmup with iicmlaiit glass pusms swing It awayml, in hen Juilgmcnil, nenily 3 
me lies, not Ini h om east mul wist Hhe culled hen liusbaiul'h alUmLion Lo it and uuggmled 
Uiat it illicit lx 1 due to mi carllujuakc Tl eimlmued awluguig Mime tune No ulinck 
wan Tell, nor wan swaying id Die building nnLiacd Tlie lailiuail agent, tlie wenlliei 
limemi oliseivcn, who was up at tlie 111111*, tlie poslinaslci, tlie employes in tlie telephone 
olliee, U10 ixnplc 111 botli id the iicwsjiupei iifTieeh, anil a nmnliei of othci |NHiplu in vmlenin 
pails ol town, all haul Hint they I101I le*ll 110 shock and luul Mini no firedn ol it, mul knew 
ol no one who had, except a lew who hud licmd or Lite cane id Mrs Mamie Anodic 1 

IxiHun, icpnilcd liy 0110 01 two as having lell the shock, wan urteiviewed, but edaimed 
that she had fell no shock anil that the iqioit muni have been started hh a joke 
Hawthorne —Two docks mo mud lo leave slopl Mia Taylor clcisonbod tho ahock 
as a ticinor, an if a pel dog weie neiotchnig and ]»ssuig the bed, followed by a dialbicl 
movement Iowan 1 tho nmth mid I jack towmel flics Mouth Mr. Biodipui, in die aecond 
aloiy ol the couiL-houao, fell ejinto a shake* 

Afiaei —H10 shock wan distinctly felt by aotnc In the sLoio it waa saul that tlie 
buildmg distinctly away cel, the dishes azul linwaio an U10 ahclvoa makmg homo slight 
rattling In the tclegiaph olliee tho dock slopl The shock waa very slight, and feh by 
only a low 

Bodie (E B Biooks) —Tho riiook wan pcrocptiblo, somo docks atopt It waa 
noticcil by ooeupanla ui somo 2 -atoiy buildmgp, bub waa not gencially fdt 
Memo Lako —A alight aliock waa fdt on tho weal aula ol the lake. 
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Candelai la (ChaileeN Flatt, weatha obsava) —He did not feel the shock end knew 
nothing about it until the newapapei lepoi t oame 

ham —Ten or mote paeons noticed the shock, which was alight W M Riohaida 
stated thae wac 2 xhocks, one almost immediatnlj after the othci Tho hist was 
a gentle lockmg motion, the second small jeilm. The total duiatum was about half a 
minute 

Tonopah —Sevcicl communioattona wcie to the effect that no one had noticed any 
indications of the eaithquake 

OiAdJuld —Seveial npoit* wae lcccived to the effect that no shock was notiood 
A lepoit was in n«»infa*w» that the spirnga had changed somewhat in tiiou flow, but 
the Supmintcndcnt of the Weston Heclamatian Company (F A Thompson), who keopa 
a veiy watch of the wells and epnngi, saye thae was no diangc at all in tho flow 
nor any otha indication of an eaithquake 

£iimla(ClaySiiniiis) —A alight ahock was fdt, the movement bang fiam west to east 
It seemed to lest foi about a second It made hanging objects awing, but did not atop 
docks 

Bishop (W A Clinlfnnl) —Tho slink was Bliong enough to waken many parsons 
asleep I«gp docks in the jewcleis'atocs waeatopl The length of the vibiatian was 
unusual, but was not timed Tho cai thqu&ko was not Tell aa a shot p shook, but 1 athm on 
a long anil not sovae lolluig inolian Doois, windows, window uoighls, ate, woio 
shaken, and liangmg bbjocts sueli as incandcaccnt bulla, swajed back and faith tlnu an 
me of 12 to 18 mclica, double ampliliulc No dainogp whotovei waa dono topiopatv 
Doom on the nailh and south sides ol buililnigi socmed to hare been afTceled moat In 
ana mriawnn a bo\ of diy gpods was moved about 8 indies Out-of-doom tlioiumblc of 
the shook waa noted by a lew pomona 

Independence (His E M Biooks) — Same decks waa stopt and windows iattlod, 
but few fdt any shock 

Lone Pine —A numbei of docks wrio stopt, all facing noith a south. The shook 
waa noticed by only a few pcisnna According to onodcaaiptian,11iaewuro 2 shocks a 
few —MHiriw aput It aoemod liko a lolling movement, and a hanging lamp was noticed 
swinging noifheouth Tices dmok 

Keeler —Only 2 or 8 paaons noticed the shock It was only slightly paocptiblo 

In gathering mfamotion roneanmg tho Gdifania cuthquoko of the mm rung of Apul 
IB, as fdt m the Western Nevada legimi, two otlioi clovly succeeding shocks wmc brought 
to light, one ol which had much stranga loan! cfloots than tho gi eater but moro diabnct 
eaithquake 

The Earthquake qfAjml 10,1000, aboui 2 k 5“ p li 

This shook man mentioned by so lew pnaons that I was at Hist inclined to oansidar it 
imagmaiy It was lopoitod, lioweva, by idiahlo poitans not known to cadi other m 
thicc diflucnt towns Tho moat definite accounts aic as followb 

Reno (Mm Lou ail —Obscivci on Iholhnd flom of tho Agi icnltuial Building at the 
Umvauty, m tho photagiaphio labaatay, felt a vay distinct shock, but did not xe- 
memba the dnoetion ot movement 

OZiiyftousa (Mia* Noun) —The pci son icpa ling and hei siatm waa sitting in the houae 
and fdt a diabnot shook Foaimg it was the fotmuima of a laiga eaithquake, they lan 
outside. 

Haien —A shock not generally fdt waa notod diatuictly by Mia MacOicgm, at tho 
Bedamaban Service hendquartaa 

The Earthquake q f April 10, 1906, 8 h 18" to 8 fc 80" p h (Eutenaty, IV-V.) — This 
eaithquake was diatuictly felt along the east slope of tho Vugmia range and the valley 
land duectly cast and not far nalh or eouth of Lot 80° 81' Wherevar repartod it was 
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much stronger than tho shake pi educed by Uio California eaithquako ol Uio picvioua day. 
It was genmally fell at Ilazcii, Wadmoilh, Oluighouac, and ncighboiing places wIipic 
it is liaid to find any uno Uml noliccil any elloLts ol Uio gioul quake In ILiacn it lattlul 
windows, made gas jots and lamps suing, and ilooxs swing un lunges Uio nulioad 
station dock u> said to have btopl \l WnxUwui Lh, it made lliu wmduns lalllo uni cumxI 
bo mo foot, owing to lopoils ol tlio M.ui Fi uncisco disastci Ono poison desoiiln's it as a 
quick shaip shock liko a blast At Olingbousc also it was felt ns a sluup shock — one 
called it a quivoi — and oausod windows lo laltlo II was fell mi foi caMi as Uiown'b 
Station It was appaiontly not Iclt at Fnllun, tho it was dulincUy fdt 12 miles west at 
Caison Dam In the Reclamation Soivwc cunip at Fouiloy it was quite sluing, as fdt 
on the giound in tlic tent Judging fiom ili aiisddistubutiini, it is suggested that this 
eaithquako is idalod to the fault along the cast base of tlio VugiuiA lliingi' Urn rough 
tunoestimatesYBiy liouiStoO o'clock, but in oasoe where Uio tune wan noted inoiepar- 
tioulaily, the venation la between S h 15" and S h 30". Tlio viliiation waa apparently 
noi thwost-Boutlicast, oi noith-aoutli, at Haxen At Feinloy (a dioil dislanco south oT 
Wadswoilh) it was doscubed as noiIheast-suutliwcst 

omrnvATioNS or j a nun 

Piofamoi J A Reid, who lias boon engaged for Borne Umo past in a goologioal study of 
the fault-sane of the eastern flank of tho Siena Nevada, modo an examination oT vanous 
faults with which ho was famiLuu, wiLh the view oT ascertaining whether m not ovidenoo 
could he found of movement at Uio tuno of tlio eaithquako No suoli ovidenco was, 
however, found lie also mode an axom malum oT sovoial hot spilngs along the ban of 
tho mountains, to ascailain what obanges, if any, had been caused by the shock The 
only ones whidi Boom to have boon affootod oie the Steamboat Spungs, 12 mOee south oT 

Bonn 

In addition to making thceo a\aml nations, Fiofcnoi Rad obtained aomo valuable 
mfoimation ragaiding Uio intensity ot tlio shook, os given In his notes which follow. 

At Reno people weio not goncially awakened. Ttuno wuono exact looardu of tlio tune, 
ducotion, a inlcnsity of the shook Tlio iiiovenicnt was loigr, but slow, anil of long 
duration — piobably about 40 aooonds in total. Tho alook of ox-mrLooidogioal obsarvor 
S B Dolan slopt An cxLmnan incandcwmt aloclue liglit, an an 8-fool ooid, bo ni- 
langcd that it could swing only noith-aouUi, was sot swinging tluu a Moot aio. Tins 
waa on the fhat Ilooi of on old wooden houao, and gives aomo Indication of Uio magnitude 
of motion and tuno of onoillation Mi Doton wni awakonal by Uu shuck and cumilad 20 
scoonds of lesser motion afloi ho was fully cunaoloua No noiso was hoard Another 
obaorvor was awakened, and aaw a 4-foot lifgit and and swrng alxiut JH inched ncaily 
east-northeast and wcslreouthwost At the Univcrarty of Novada aunilai bglila were set 
swinging with a laigo caslrweat aonipononl of motion 

At Steamboat Spungs tlio shock wan felt as a long, gcnllo swing A second shock, 
eoanuigly as liaid as Uio fiisl, waa frit tho scoond oi tluid night after At tho Rooky 
Hill Mine, in Urn foothills of the Vnginia Range, midway betwaou Steamboat Springs 
end IVaahoo, tho shock was not fdlt by men at work, and looso lock in the main tunnel 
waa not dislodged. 

At other points bet wood Stoamboat Spiings and Canon, os at Iakoviow, Washoe, and 
Lower's Ranch, tho osithquako wae fdt as a long, gentle swing At Bowms Mwirfmi, 
a few foot from tho steep gianlte esoaipment of the Siena Novada, all slcopors won 
awakened by tho shock, which appcaiod to have gioator lntonslty noar the harder, mate 
elastic rooks than m tho loose valley dopants The same result occurred In Canon 
Valley, south of Canon At and oserGenioa, directly at the ban of (ho 4^060-foot scarp 
of the Siena, tho ebook generally awoke deepen, and trees were noticed to swing as in 



328 REPORT OF THE CtLIEORNIL E\HTH<JITAXE OOUUIhSION 

a wind A Tew Hides eaatwaid, houc\oi, in llu. iivoi-laul volliv deposits, Hie dunk 
wan lelt bv veiy lew pcisons 

In the town of G&idumillu, sume fiw link's cist of Genoa, a nuinlxi ol iiroplr com¬ 
plained ol a Ireling ol nau-<a wlulu oiling liunkfast at Ihe tune ot the caiLlii|iuikc, but 
lelt no million In all caws tire shuck tell was chaiacloiMod bv long, gentle motion, 
in no rms wns shaip movement p\pi i uiilliI 

At Yiiginia CU>, about b null's east ol the Rnekj IIill mine, the sliotk was lelt by vei v 
lew iKOpk', and they wciu in tlu, lopHiif the lughoi buddings Aiouiul Dnilon and 
nefliby towns no irpmls came nl prisons lerling Hie euthqiinke Hie Yiiuima Rnngr 
uems noL to hnae lieen gicallyshaken At Caisun, tliu most leluilik aiul •iliiinilanl data 
wciu obtained Mi C W Fiiciul, tliu will-known inrtcuiological obsumi, obtained a 
bcuimogijpli iceoul ot tlu. shock, 1 wlmli wns liy fai llu* heaviest eui lecoideil by him, 
the stylus ol the instiuiucnl swinging ciiLuely ull the plate Yet the niulinu wns so 
gentle and of such a long pi nod Ihil sir cpeis win not gcucially nwnkmrd Tlu* time 
ol (MiUalion wns nut fklriiniiutl, hut wabdcsti dull as being like Llu 1 swinging ol nliain- 
mock The soisniogiapli iceoid ih ]h*cu1uu hi Unit the stylus appeals uenily to liaio 
icUaced its oouisi ovci one huge imu* Caison lia about 3 nulis east ol Lhc sleep 
use ol the Rutin Nevada, with a limp di'ixisit ol nvci wash between At tho south¬ 
west, liowQvci, a low lull ol schistose iockh just mlcis tin. town limilh Tins htiuetuie 
mav piny a consuleinlile pail in tho ]ua,uluu motion ol tho onitli heio in thib and otlici 
euthqunkes 

At Pm mine Valiev, noilli of "Winnomucoa, tin. caithquakr wns tell by the few iieople 
awake 01 moving at that early Horn A lancher who linppencd to be urai a suudl pond 
noticed an unusual agitation ol the water, nnd supposed an cniUiqunke to lie Uie cause 
The Umo was Bubsoquonlly found to eoiioipond with tliat of llu* chock, ns repot toil 
olsewhsic No motion was fell, howcvoi 


Bt F J Hoorn 

The investigation ilcsenbed below was urulei taken with the hope of o(leiuig some 
oxplniialum, basal duectlv on npuiiincuL, ol tlu giratn deslMicUvoncA ol emlliquakis 
m legions wlieie tho Inundations ol sliui tuns aio NupiMnU.il by uioic ra less soft giouiul 
than whne these foundations air based on snlul lock 

As an aullii|iuike consists m the iclunl dialling ul the ruth's uust it would sum, 
upon flisl thought, tlmt the moio iigul llui foundation tlie moie destiiictive would In* 
the ettects of the cailhquakr uixin tlu. htiiietures *o suppoilcd This is m genoinl not 
tiue, licwuvii 

In conxeihoLinn with Di Biaiuici, tlu 1 gieat desunlnlity of some cspeuinriils on lliis 
bul>|cct wns suggested to the wilier In lht> hist c\peiimenl winch pinmtsrd any intei- 
i^ling irsults a 1 nickel of niabbng saiul wns pouicd nut upon a booid nlxiut 20 x Mil 
inches The houil was sliaken in a hoiunnlal iliicetuin thiougli on ninphluile of 2 oi 
3 centimelcis, lq menus ot a nmnll moloi "When tho sand was model airly wet, the 
amplitude ot Yilnalian of the top of the mound wns gicatai than the amplitude of ulnar 
Lion of the hoaid on wlmh the sand irated This ir«ult is continiy to what I should 
ha\o especial When the icboU ot this piolimimny o\pciiment was icpoiled to Di 
Bi annul some tunc at lei waids, ho wss guallv mtarsted and uigcd tho wiilei to cuiy 
on a senes of similar c\pciiments on a laigei scale, the same to foiin a pait of the lepoil 
of the Eaithquakc Investigation Gommeaum As a iQsult the oppaialus flcbcnhed 


1 Thu acivnogiam h rcTaicd to m notlicr ]«rt of tho it port 
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below with diMgncil nml vu InLor eombuoUil l>y Uiu Mcclinmcnl Kngi timing TK'iniiL- 
mcnl or Blnnfoid Uimoisily 

In diMgnmg a slinking nppaiuUih In miiUlc an mithqunhp, niliun punllicliiig cnu- 
ililmns must lie taken into eonsideiahon It would seem dial I lu* n[i|Mi.iliis ought to 
Ik oil as Imgr a scab* ns ixissilrie, IniL if it is on a liugr Mali 1 , it niiiht ikihIn Ik vi‘iy e\|Ki>- 
sivo II Uu linisu dimension*. an 1 mrieaiicd in any lulio, say licliliil, Uu* vciliinn, 
wight, frlii'iigth, ami |x>vw*i to oiieintr must Ik ukkxmi il in llu> i uhe of thin ml in, Iicim e 
it tlio liiuiu dimensions iu<■ tickled, Uum 1 iiuiuilibch iniisL Ik UKicased 27-ttiltl Mme- 
ovei, it is ubviously uiiiKisfublii, at any oaht, oven to aiipinnuli the seole on wliu h iulLiih 
aots Willi llicso niiisidci alums m vkw it wbh dccukxl UuiL Uk miiIp ol I lie upiuiaUis 
sliould bp as siunll as is conaihlcnt with oliUuning lcwlls riom which gciicuil conclusions 
might Ik iliawn 

Eoith<|unkc motions oie exceedingly coinpk 1 *, but it wbh not HiougliL wortli mlnki 
to mutate tins complexity, but lalhei to oonfmc Ura hliakmg moLion to a simple lo-aiul- 
fto hon/onlal motion in oik direction. 



A sale elevation ol the niqiaiaLin aa finally coiwtrunUxl w shown in fig (10. A ih a 
dneot cunenl motoi, A is a ImLuicc wheel weighing alaiut 70 kg The roiuippluig iimI, 
instead oT iKing duven liy nil ecoenliir, ■ dnvon by an nrijiwtuhle cinnk, K, which 
flllowH ilia stioke to Ik ailjustcd to any valin up to 10 eni C ih Llie cni, wIumc iiiteiiuil 
dimension am 100 x Ml x 30 em Tho ear m pained on ntrel ioIIcim, /), J), l cm. In 
diamctn TIk pbi, Imlancc wlieel, oml motor wero all mounted on a lusivy Inunework 
securely bolleil logcthei TIk (hum Q wbh mounted on ail enlliely iruk'iKiidciil hu|»- 
poit K. |M|Ki wia|)t aiounil the (hum lereived liacen representing, (I) the moLion of 
the eai, (2) Lhe motion of a block ^utm Uk material on the cai, anil (9) tlio lxials 
of on droll oniagncl 7, electrically connoelod to a ROcondH pendulum C^lio |ieneil 
aolualeil by the elpcIiomngiKl wan on Uio aamo bide of Uk diuin an Uk otliei haoing 
pencils, lnatead of being on Uie opponto aide, aa aliown in Uk figuie) 'Uk block V was 
80 cm equate and wbh ruimahcd with mdo pmn lunning 0 am down into the mud, ho 
that ita motion was ncocusaiily tho aamo aa tho malaual immediately undor and aui- 
roundmg it 

Tho oxpci imonl consisted u loading tho oar and then it by rnoana of tho motoi, 

with yaiioua amplitudes and frequencies Whilo tho oar waa being ahalmn, the dium 
waa rotated by hand, and tho relative motion of Urn eai and tho block mwlwliliyl m tho 
load waa dctnmined by maaJHinng tho traoca on the paper wrapt around tho drum 

Tho mntmial with which tho oar waa loaded was limltnrf ■Imnat exclusively to ardi- 
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nniy building bond ham u acck bed, combmcd with vaiious amounts of waloi Some 
orcpoiimcnta weic made with giaval, but lock ol timo and tlio necessity of completing 
tlie wmk foi publication in the icpait of tbo EaithqueJa. Investigation Commmion 
pievented moie extensive cxpei nnents 

When the cai was loaded with moderately dry Bond containing 10 pci cent of ilb weight 
of watci ai kn, it was plain to dnebt obsavation that the sand was moving almost 
pci fatly witli the oai, bo long as the fiiqucnoy wdb loss than 2] riouhlo ubiationo pci 
second llowevu, if the band wan wet locally by pounng walci upon it, n was also 
vmy evident that the wet sand did not move at the same iale na the nciuliy diy naiul 
In the fiiat place, the amplitude of vibiatuin of the wet sand was gicata than that or 
the diy sand, and in the Becond place, llio loscisal of motion was much quicken in Uio 
ease of the foimci than ol the lattm In the icgion between the wot and the diy Band, 
the diffetence in the ldativo motions of tho two, eouacs the suifara to bo htokcii up by 
aicvoBBea which open and dose pciiodioaDy This lnooking up of tho buiToca ih quite 
uraguliu, vaiying fiom moment to momant 

m _ * - v n* 


b 




i 


rm SI — Cams BUbImI au immiUdi dim Bidud about half 

Ear a precise doteiminaUon of the rolativo motion of the ear and the mud with which 
it is loaded, it ib uficcmaiy to meaeuie tho curves tiaead on the levdving drum deemibod 
above The method of doing tins will be beet illmtietd by ^"n a —» 

Eig 01 h a copy of one of the ouivw obtemod on the dium The lower sinuous curve 
is the tiaoe made by the pencil attachod to the cai, tho middle ngsag Imn u tho trace 
made by the pencil attached to the Uook embedded in the send, the upper line a tho 
tiara of the deetramagnet beating Bonuniln In this paitaoular oin the sand Mnh i n w l 
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all Ihc wain llinl il would hold, ho that il was voty aofl, almost semi-fluid Tho omouul 
of wntoi was dctuimncd In aciglung a poilion of llu* wet Mini and then wmglnng il 
agnin nfln il had been tlioioly dnud In this case llio main ml coiilniiinl 20 per emit 
of wain lo 80 pci real ol wind 

The liiiLCb show at a glanco that the amplitude ol the million of (lie mini was much 
gleam limn llinl of Llic how Uy lelm-iiee lei the Iirhiuim lilies atf and W, il ir ob¬ 
vious that the mill ion of tlm mud lags Iwliind llu* niuliun of Ilia bow — in Hub case 
about uiio-si\lli ol a complete pciiod Finally, llic dillncncc m llio ohaiaclcr of the 
two mclioni ia shown by llu* miic cuivc in one cam, aiul Iho xigaag line in Ihc othei 
Tlic suit cm vc sliuw> llinl llio cm lum a anupli 1 haimoiuc m pomhihiiu niolum, 
as must niHHHAaiily lie llic ease nil account uf llu* nay m wlneli ll ia shaken On llio 
contiaiy, the blot k iwulKilikfl in llu* sand niovcu with an niipruuinnlcl} uiiiruini vcloaily 
until llio end or llic “Miuki*," when lib liioliun is veiy quickly i min soil, allci wlneli il 
again movoa with umfoi in vclntiLy until ilb motion is again cpnokly lovoiaed Tho 
Bccahnalion at Ihc uuilanl llic niolmn is lcvciscd ifi a piopci uiensuio of lira quiokium 
of ravcisal Tina occoknalion ouii not bo incasiucd, 1ml lira aval ago acceleration duiing 
a shout mtcivnl of lime wlulc llu* motion ia lwuig icvetud can lie determined If ed and 
tfd' (boo flg 0) Bie drawn nl ooiicsponding paila of lira cui\ca, llien lira leuglha of llicao 
linen aio piopoilraual lo Ihe limes icquiioil loi etnicspoiuling changes m tho two motions 
Tho aquaioof lira lalio ol llicira two limoa,drvidud mlo lira laboof Iho two amplitudes, 
gisaa the iatra of lira two accelerations dining iho nioLnn ePd The elobor cd ia lakon 
lo P Ura graatm Una iatra bocoines In the piesonl case, in wlueh ad ia drawn al anc- 
tonlh of lira ompliludo fiom P, Ihe iatra of Ura two ncadfralioiK in about 8 As moving 
forcee aic always pioporlionol lo aocclciaLioiw, lira bearing of Uua lcsull on Ura clcaliuc- 
UvenoBB of earthquakes ia ovulenl 

Tho data obtained bom fig 01 may Ira premnlcd aa follows Jraad duikxm, Band BO, 
water 20 Depth of aand, 22 canliuioleia Frequency of motion, 17 double vibiaUona 
par Hocand. Amplitude of ear, 4 3 aanlunolaa Amplitude of block m aand 8 5 oonli- 
melam Lag of block, one-aixlh perrail Hatui of oorolaraUuns al levmaal, 8 or graalor. 

A laigo number of expeiimonls woio undo wiUi a load of wol aand having Iho ubovo 
campoailion Ilcsulls arnnlnr to Ura abovo woio oblainod wlionovei lira boqunuoy of 
tho motion was inUrar email Uowevoi, when lira bequency of Iho motion was con- 
Bideiably mcicased, or wlum Ura ibLio of wnlci lo mnd was oluuigod, Ura mulls oblainod 
wan qailo diflcionb In gonaal Ura less walei tho auul eonloins Ura moio nearly dooa 
it move with Ura cai llio oocompanymg lablon contain mulls hum a Inigo number 
of ovporlmcnto in which tho compouLion of Ura load and lira hoquoncy of motion was 

YBirad 

The data bom fhoao faldoB aio ploLlcd in figs 02 and 08. In all earns Hie numbar or 
oomplole or double vihialions pei second ia plotlod along Ura x-axu, wlulo Ura amplitude 
of mohon of Ura Hook embodded in Ura aand ia plotlod along tho y-axis Tho points 
npescnling obacnationa do nol fall upon smooth ounce, bub Una la hardly lo bo ux- 
peotod from the nature of the owpciimant 

Tho data oa lUnalaaled by iho plots allow that when the load consuls of aand and walor 
in tho raUo 4 to 1, for low frequencies, the aand oacdlataa through a much greater ampli¬ 
tude than the ear, and that the «nplifanl« rapidly decreases aa Ura frequency menaaea 
and becomes quite small for fioquanciea of 8 or 4 par aooond On the contrary , when 
the load contains only 15 par cent of water, it movoB with the oar, for low frequemnaB, 
and the aznplitudo imncaaea with tho frequency Tho results actually obtained are 
aubjoot to a large probable on or, but there nan bo no doubt about the deqraoelng ampli¬ 
tude with urareaung frequency m one ease and the opposite result in the other ease 
When the aand contains about 16 par cent of water, It mwma to bo more adhesive and 
more oapablaof pocking into a relatively compact mam. In thia respeet it u dutuguiflihed 
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on Ihe one hand fmm tlio soft anil sctni-fluid oonclilmn with a lnigri |m cent nr wulci, 
ami on the othei hand from a mmo f liable condilnn with a ‘■mnllri per mil of wo hi 
'When Hie load contained only 12 pai cent of wold, llio iiioluin ol llie block pinlmliliil 
m Ihe niul win voiy newly the «amo bb UibI of the nir F 01 Ihe data gi\en, Ihe nuiliuii 
of the block foi the highei ficquenam woh riighlly Iwt uminslaknblY Riealci tluui Ihi 
motion ol the cat At anoUiei lime, when Ihne who nhoul llu mumc inn mil ol vralei 
in the wind, Ihe moUon or the sand won jinl m unmulakalilv Unn than llial ol the cm, 
nllho hj only a small amount In Iho laltrr nap the naiul was piolmlily somewhat 
iliiei ami less adhesive than in the foimcr case In Hlill anothia cspeimienl, in which 
Iho sand wnb vriy much dnn, containing inafanbly Iks than 5 pci cent of wntei, the 
amplitude of Ihe motion of tho Moek waa dulmcUy gi colei than that oT the 001,01 least 
toi fiequcneira of 3 pci racond Of bouibc this dooa not mfu to the ninlmn ol Lite loov 
bond on top Hie motion of a layoi 1 or 2 om deep of such loose, diy main ml was 
always much less than tho motion of the cm 
In the above discussion we have boon oolaly eonacinod with tho motion oT Ilia ldnck 
embedded in tho sand in tho middlo of tho oar Tho Band on the boL Lorn anil new tho 
ends of the car has but littlo relalivo motion withimpeot Lo tho cai A lioaul tlnuhl 
downwoid into tho and ahowed by its motion that the 1 dative motion of tho sand with 
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reaped to the ini inrirnseil fioin the boUom to Uio tup Hull the whole up|>ei suifiioe ot 
band in tho lbi ilul not move IngrUirr with the muiit 141 ml wih (|inln plain to duvet 
obwivalion When the snnil was vpiybofL and wet, it lose and fell neai tin* ends 111 the 
loimnl ineipieiit waxes, wlneli, liowevn, wen 1 not in 14 mealed away fioni Uio ends, llnee- 
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quoitub of iho siu Food lemaining poetically lrvel dining the vibiatiou or Uio eu 
When the sand contained k-sS wntoi, tho suit old imdwuy between tl&e ends and Ilia middle 
ot the cm was badly bicken up by meyabbcs and lidgm at light angles to Uio duocLion of 
motion 

II doublloaa frequently happens in Livm vahoys, coastal plains, 01 "nuulo land" U»at 
a vony bofl watci-soalcod subsoil b covaicd with a ciust of mrno bobil giuund 11 ns 
condition ol afLuia waa mutated on a email conic A lowei InYQi 11 oin Uuck of vmy 
wet aaiul containing 20 poi rani ol waloi was covciod by a piooc of oiklolh, niul upon 
this win. placeil a laym 12 cm thick ot much diioi saiul auiiUnning 10 pci coni of walm, 
and tonipcil into as compact a condition as powablo Tho block caiiying tlie liacing 
pencil was embedded in tins uppci laym If the whole load or Band hud boon like Uio 
top layii, it woulil lunu oscillated almoaL perfectly with the cai No aurh lubult was 
obtained with tin. two laycib When Uie cot was shaken, it was appaicnl tliat Uicic 
was still eoiibidmable freedom of motion m tho lowei layu Uio uppoi laym moved im 
though it wuc floating on a acim-fluid niasb It loac and foil at tho cuds, ami Uiib 
motion extended to Ilia middle, nawing Uie bleak to look hack and foith, a insult whidh 
was not obtained when Uio uu contained a load of unifumn oonHislcncy Tho lo-onrl- 
fio motion of Uie block waa eonwlaaUy gieater than that ol tho oai, foi liaquonom 
of 2 or 8 pei Bocond Far tiaqucnoin gicatai titan 8, the amplitude of Uio block was 
lost than that of the oai Tlie Jesuits ot Uiib expomnent aio given in tho tabloa onp 380, 
whdo a plot or tho tome is inolinlud in flg 02 The lObulta, liotravel, do not do jUbLieo to 
the possible dcbhuctivcnosB of eueh a motion Tlie looking motion of Uio uppor laym, 
as well as Uio violent manner in which it waa bioken up into fimuicB and ndgua, accms 
to altow that tho desbuetivo ellcet of Llie shaking motion of a aenu-fluid mass may bo 
ineieosed when it ia confined by a aupei incumbent layci of much mom solid and com¬ 
pact mataial 

In the last oxpcilmonl with tho shaking machine, the cai was loaded with doubt giavcL 
Hie gmvol oomaistod of watoi-wom pebbles of nil sucb up te 2 malice m diameter It 
contained no clay noi anad to lnnd tlio giavol logethoi When tins load of diy giavd 
was shaken, Urn block cmliedilcd in tlio giavd moved with the same amplitude ns the 
cu until Uio ficquonay loaohed 3 double Titaniums iiei aooond WiUi highcn frequencies 
the amplitude ol Uie block was somewhat gieata Considoiablo water wm Llu'ii penned 
into the cai, and it waa again rirnken with vaiious ficquonucs Tlio leaidts weio sinubu 
to tlioao obtained with Uie diy giasel, except that tlie relative motion or the gravel with 
icspecL to the ou was ncaily twice as gicil aa in tlio mm ol the diy ginvel llw data 
foi those cxpoiuncnls are given m Iho table, while a plot of the name is given in fig 02 

A considuialion of tho mcagci anil inmo oi less ciialio data dcsnibetl aliove suggehlu 
voiuus questions and eulicisms It lina alicoily boon c\plainml why mmo oxlcnsivu 
expaumonts involving ulhci malciials wcic not undritaken Tlio ciratio lialine of tlie 
c\pciimcntal data is not duo to Uio method or expm indentation onqiloyed, but to Uio 
iinomlam and vaiymg condition of Uu maleiul wiUi which tho coi was loaded If, m 
tho begmmog of a BoiiOb of expomnents, the composition of the load was Ihmoly uuifonn, 
this was no pi oof that it icmaincd so A few momenta of shaking sufficed to cliango to 
a gieata m leu extent this uufoimity. When the material Mittninri a laigo paiccntago 
of water, oontmued shaking caused the mateiial closo up to tho ends of tho cm to paok 
and become somewhat dria, this was oho tiue, tho to a muoh lorn extont, of Uu middlo 
portion Tho portion midway botwcon the ends and tho middlo, whmo tho xolativo 
motion of contiguous poitiona of the load was the greatest (thua Miwng haauiea ^ 
iirlgps to develop), noticeably increased its contont of water Thu dovclopmont of non- 
umfauuty in the eon w at eii oy and composition of tho load is a wiffiwmnfc oudanalun of 
tho nicgidaiity of the maidta obtained 
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With logRid to lira bcaIo on wbioh Uio expei imont wm poi foi moil, the quest ion ual uiollv 
occuiB Would Bimilai lcsultb liavo bora obtnincd if tho eai wuit veiy much laigri f 
Onocan not be ccibun, but ilseems that suoh would have been the com 1 if lira fiequeuci 
and Binpbtudc of the cai's motion woo Iho aanra Uoveial cxpciimenls weie pcifoinnd 
wiUi a depth or 15 cm and 35 cm, and tho naultb weio substantially tlra same Tlra 
eai was also divided by pai til ions lunnmg at light Bugle* to the durclion ot molioii, 
inaLing a eoinpoilinonl of only half Uic longLli Tlra itrulls tabulaled below straw tlinl, 
al least m tins cobo, tlra motion of lira Muck cmbwldol in tho wind was not gicxUy uilcctisl 
by lira innunec of tlra paihLions 

Uiiglli uT mi botwtn (urblioiMiii am 101 49 101 IU1 19 

Fiiqunuy hi double vibmliom perm 13 IV 22 il *i I 

Aiuplilwwiif lu mem . 70 7b 77 7b 7 5 

liujililuile at blmk m wid in am 119 91 IIS IUS HIS 

Iii ilia expciunonl just dcbCiihnl the matin ial uood contained 20 pei ci ill w.ilei, mill 
lchs watci lira poilitiona would doubtless hivo a gioalci oftixl in iistnclnig lira inolion 
It b also piolablo dial witii a lmgci cai the iriativc inolion ol c.u anil loail wuutl lia\c 
been giealm 

AnoUici qucbliou whirh u likely to occur u Doeu tbo solid oi Mini-fluid mass 
with wlinh lira eai n luailud liave a fiou pnml of its own which is eompniablu willi lira 
\ ibiatiuns unpinil ii|»ii it by tho to-aml-fio motion of lira eai > To elucidate tins iiinllei, 
lira cai was paiLuilly Idled with wntei aiul tlra fieu prnod ot giaxilqluuuil wu\is ilelri- 
nmipil expei unpulally Tlio fiequoncy of ouch waves was fouiul hi Ira 1 IX» IIowc vei, 
tho haul, instead ol bring take watei, was in all oases exceedingly viscous anil pluslic 
Thn condition would in any cane dcoieasc tho naluial vibiatran tioqnenev ol lira load, 
ami in lira inracnl oust lira viscosity won so great lhat Ura loail oouhl not possibly lm\e 
any viluolran iiulopemlciilly of Die oseillalaiy motion of the eai 
Finally the qiraslion may Ira iuJo.il What ■> Ura explanation of lira flirt llint tlra load 
on Uie cai (oi lira majiri purl of it) osoillnleb tlnu agicaLci amplitude Hum lira eai winch 
causes lira motion? \l pra-enL I have no eompielieiihive explanation ol tins Inel It 
undoubtedly ilupendb upon lira incilia of Iho loail, combined mill lira giealei oi lens 
heoilum with winch it yields to imprest fours Tlra loail in tlra cm is net mlo inoliou 
by two sols o( toires (1) On aooonnL of Uio motion of the bottom of lira riu a tangen¬ 
tial linen is excited on tiir bottom of the loail and llini n liansnnlLcil u]iwmds by lira 
ugidilv of lira loail, or, expieat olheiwise, by Ihc mutual fuoboii ol successive Liyrix nt 
tlio IihuI (21 On niniunl of lira advancing motion of Uio oml ol lira oiu lira luail ie- 
eoixn a Ihiusl which a tioiwniLLod llnu the malniol by Us irsisinnco to compiessuiu 
Bonn, times ono ol tiiura sets of foice9 h of giealer impoiLance, anil bOineLinras lira ollrai 
Ono woulil be apt to think Ihc end Lhiual wan of tho gieatei unimilniiip, bul tins is 
ccitaiuly not olwayb tlra ease, fen whe n tlio load conobta of a mound not listing against 
eilluu eml of Iho cai, Ura block nnboililed in tho top of lira mound may uscillale with 
a much gicatn omplitiulc tlian tlio uu (This wab cxpci imentaJb (.lemniislialed) In 
tins cm llieio can lie no eml tin ust whalevn In Eomo cavh the eml Ihiusl may he 
inoic iflectave than (he tangential foioe, tlim a piobably Uu* easu wlion Uio fioquoncy ol 
iiiotiun is inUiei high 

To thoso inloicslcd in hdsniology the impoi taut question » IIuw do theso oxpcii- 
ments liclp to explain Uio gioalci dcsUurlivoneoa of outhquakes in legions wheic foun- 
datiom aie in alluvial sod than wheio founilatwm mt dnooUy upon moky slrataT To 
]iaiw fiom expei imenls upon a box oonlaining half a ton of ami to tho dcsliuctiie cffucls 
ot an iaithi|uahc a oerlainly a pool leap In taking auch a atop, one is \ci j likely lo 
iirnko mistakes IIowcvci, it acoim to mo boyond quobtion that a soil, wini-fluid man of 
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soil, containing a lrnge amount nf wnlei anil suiiouiuleil 01 pail wily smioumleil I»v mini 
slinln, mil not nsrillnlc with tlu* sunn* mnliuii as llu* suuniiiuling sUoln Moirmri, 
in tin 1 cav ol llu* tii*i|iiriuiis oiiliimiily iKcuiiuig hi iiulliiiiinkc iiuiluiii, llu* ani|ililiulc 
nl llu* use illation of siuli a scini-lluiil mass is likely lii In giculu lliiui that of llu* sin- 
i nuuilnig •solitl slinla, ulsn Llu* uiuisjl til million in llu* nciclrialmil dining leiissal 
ih likely to lx 1 gicnli'i than in llu.* rust* ol sulul sii.it i Knmll} tlu* gicalvi ii'lnlivi* motion 
ot mu.1i a sun m semi-fluid nuiss is mil pi even lei l liy ovi dying slmlu ol ilina ami nunc 
ooni]Hi( l inal i«i iuI. 

REVIEW Of THE DISTRIBTJTIOE OF APPAREHT IHTEHSITT 

III llu* inicciliiiK ldW**, all tin* dull sigiiiluant ol llu* ilislulmlion of llu* inlcnsity of 
tlu* shock ol A|nil IK, 1‘KXi, have lieeii m*1 tin ill in smli deliul ns smmsl In Ik* wiui lulled 
in a slalfiiU'iil ol luil The fp*mml {{inclusions ilinwn lioni llu* ilnln un* n*|nm*nlcil 
ginphicnlly ii|kui llu* intensity mnp No 2J ll is piii]xiseil licit*, liovicici, lo tallallcn- 
tion lo some of llu* mini* mini sling nml iiisluu live pluiMs ol llu* ■lislnlniliim ol mien- 
hily, ami IniuHy lo ilisruss llu*i) sigiuliiiiiui* 

Tl is In Ih* nnlcil, m llic liisl pliuc, lluil llu icgum o\i*i winch llu* ills! ml in nee was 
Idl, extending horn llu* I’mi(u* CSuisl lo IViilinl Ncviuln, ami Inuu souiliini (begun lo 
boullieui (illil hi inn, is mu ol vaiusl physuigiuphy In a cnusitlciuluni of llu* iclulitui 
of llu* physugiapliu* leuluim lo llu* iliMliiliuluiii or iiitciisiiy, il will 1 m* ucccvwiy lo 
flislinguish nulv two claws of IciiIuiih, \u , (1) llic muiiiilnm anil lull hloiir*i l generally 
uiu In lain liy him knLs anil scucniil lor llic nuisi |>ail with a linn niaulli* ol icgulilli 
ami soil, nml fU) llic vnlli*v^l Mil I inns iisuully linilislimi l>\ a iclalivcly great ileplh of 
uihlleil alluvium in a hlLlo ml in nil coiuhlinn, anil lm llic most |xul wiliiialnl with 
giiuiiiil-walei 

llu* iiiIim liaiuls ou llu* inup, iiiilicnlJiiR llui giailnliou ol intensity, chow very wm- 
Milcinlilc uicgiilnuliis, tu ilifiailines hum llu* snuxilh cuivcs whuh unglil ieu*«nuilily 
Ik* c\pcc Us I in olilmu ns llu* c\|iiiwon ol muIi giuilnliiiu ol Hh-mipliou ol encigy in 
liMiiiigpiiMius uialciiulh lii some {*\li*iil siu*li iiicguliuilics may Ik* bhpiiIksI lo llic 
knoutii liuk or linniogrucily m llu* firm clnHlic locks ol winch llu* isirlli'n ciusl ih iliuiny 
(nni|KMsl llul llu* uicgnhuilics idcinsl lo an* loo gical lo iksiiiiI im lo lcganl rnich 
lurk of lioniogciipily in Uu* umlcilying elastic iocRh ns mi iin|xiilnul Inrlor in ilcUnniiiir 
uig ilium Tin* uicgu bullies nic elenily icIaIisI lo the ilisliilniluiu nl llu* valley IaiuIm 

GKNI llll, DlHISlSITIIIN OF TUI* lXUSKIHMVrp. 

II now, hcioic cnLciing u|niu a coiisulcinlinn nl llusc nicgulBiilics, we ciulcavoi lo 
iguoic them, mul m iiIiIiuii a gi'iicial roicqu-clus ol llic coloi lauds lepitseuling Uin 
gi mini uni ol inlcnsily, Uu* following lealuus come oul Imily ideally 

1 On lhe hoi UicBsl Milo of Uu* rault-Unce, (lie rones ol cfpwl giwlnllou of inlinhily 
draw a tendency lo lx*Uy oul lo Iho noiUiCBNlwmd, oji|nhiU* llu* mulilk* pail inn oT llic 
laullrliaoe This tendency is nunl inimouiucd in the gimlcs from VII lo If of Uio 
Row-Foid scale, anil is ap]imciil in all giarlrs liclnw IX 

The nicgulmibch alwvo irfisred lo, nssocinled with Uio dislulnihou ol vnlley hunlH, 
conlusc smncwlwi Uio imccplion of this tendency, lull ilo nnl ilcliacl fiom ils icalily 

2 Ah a pmlial hlalmnenl ol the uunc grnmil fact, Uu* coloi ronm heemne distinctly 
nmiowei, and their boundaries convoigc, as they appioaeh llio coaat noitli of Kinrka 
Thia lealiuiu of the diatiibohon of inlcnuly cleaily huggesls Llial the Iwansinal ourvoa 
clou in and suing mound Iho and of Uu* fault, anil Lhal Uieio is, tluselorc, no Inih- 
oaLum of a subinanno piolnngalion of lira fault beyond ils known extent on Uio main¬ 
land m Ilumboldt County 



836 


REPORT or THE OALIFOBHIA EARTHQUAKE COUUI8SION 


8 The xonee of equal giidalion fiom IX to Y of the bosIb are naiiowm at the southern 
end of the Eault-baoe then at the mu them and, and they oloeo aiound the end znuoh 
mote closely Thu feet is suggestive of lees depth of dibtuibanco at Uw eouthein end 
of the fault But the genual disposition m the south ot the sones isnguig from V to 
II u not essentially diumilm to those m the ninth 
4 The disposition of the isosoisinal ouives along the coastal teiutory between Point 
Anna and Shelter Gove indicates that the trsco of tho fault on the sea-flooi lies but a 
few miles off dune, and that its eou*o pm takas of tho nature of a vmy obluso sigmoid 
curve, approximately paiallol to the bend ol the coast It followb fiom thu> inferenco 
that the fault ofaaoned in Humboldt County u continuous with that extending horn 
the vicinity of Point Aiena southeastward No foots have como to light which weelcon 
this eandinum, altho all tho fools have been diligently sought foi 
6 On the southwest side of tho fault, the tonitmy upon which it has been poaiblc 
to tiaoe the isoseumals, paiticulaily thou tanging above VI, is \eiy much ■mnlim than 
on the nmtheast side La bo fai as tho temtoiy available u lopiobcnlative of the entire 
Bouthwestern eiustal block, it appeals, chiefly horn tho isoseamalti coveiing portions 
of San Mateo, Santa Cius, San Bern to, and Mointaiey Counties, that tho mtenuty dimin¬ 
ished much moie inpidly to the southwnsl than it dul to tho nmtbaast Thu intaosl- 
mg foot suggests that, of the two crustal blocks diUeientially displaced on the fault, tho 
southwest block was peihnps the moie panw It may, howovm, indioate that tho 
apparent intensity, as inloipretod Ixom offsets on struetmes and objects, u a function 
of the ehaiactoi of the undmlying looks, unco on the southwest udo of the fault-Uaco 
thoio aio cvlonbi\e mesa ot highly elastic gianitio looks, while on the northeast aido of 
tho fault-baoe those gionitu loelu me deeply buuod by sedunentsiy foimabona and 
appear nowhoio at the surface west of the Sierra Nevada 
6 The lonca of equal giadatian of intensity, longing fiom X to VII, aie fairly evenly 
quoad, tho broadening with diminishing mtenuty, I*™ 11 VII to VI the sons u notably 
broader, pmUoulaily in the iunthom pmuon ol the legion aAcatcd, and from VI to II 
tho broadening of the sones u vmy marked 

khiation or AFFtaimr nmnrairr to vaxuih 
T he gencialisaboiu above set fortli me independent of the lirogulsiibea in the uo- 
seunial curves assooiatcd with the valloye We may now inquire into tho relationship 
which obtains between the valleys and the distribution of appment intensity 
Tlie most nmtheily locality whuo this relationship appeals u on tho flood plain of 
the Ed Riser, near the coast, in Humboldt County The lower part of tho Ed River 
Valley has boen carved by abeam croaion out of a Byaobnol trough of Pliooone strata 
having a thidmess of ovci a mile The syndine u flanked by wlHwi §ml much harder 
sand sto ne s which ore probably of Fisnoiacan age On tho south of the valley Hm— 
older sandetonse eonstituta a bold mnimiam ndge, stept with tenaoea, which 
m Gape Mendowno The noith sido of tho ndge hoe an east and west tiend, tho 
Pliocene strata extend well up on its Umlw Thao u no suggestion of a fault on thu 
side of the ndge, the trend being detmmined by the axis of the synclinal fold The other 
side of tho flood plain has a less regular noithweet-southeaBt bend, oanvergmg upon 
the south side m the vicinity of Rio Doll Tho flood plain u tkw IwmiimIbH by a wide 
b umpet-duped but asymmotne contour terminating in lagoons sand b—Wh— oouth 

of Eureka Tho depth of tho alluvium of the flood plain u not known, but the ftantuma 
of the region suggest that it u undergoing subsidence and the alluvium may be severs! 
hundred feet thick On thu flood plain tho apparent intensity was highip 

than on tho surrounding slopes Tins u shown by the extent of destination m Pern- 
dale and other towns situated upon It, and fay tho rapturing »nri deformation of tibo 
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alluvium of tlic flood plain 11 * 1011 , |nuli(uLiily in ilh lowei pail liciu llio oca, and liy lira 
level dosliuclion 111 Ura sin mu tiding Inglici cuimlry Tin* data icgaiding Uiu uiLciiMly 
on tholughmlgc to the soulli aio Maul, inning In llio fairness of linlulnlunis, liul nil the* 
Flioccno tennno on lira iraillicasl side ol lira IIikmI plnin, Llioio woh a distmel iliup in 
lira drgice of de-liuelum, nlllio lliis Iiii.uu* consists largely ol hliala wluili mo only 
pailudly uuluialul oral bul lillh* eohiionl 

Tlu apimicuti uiluusily nt llu* Inwti |nuI of Uio Hoi Ilivcr fliiiul pliun giiules fiimi 
X to IX, lira in geueial iraaiei IX lliau X Tl ih suiiMiiulrd liy a Iwll ol iinuiliy whine 
lira inlunbily gnuk>« fioin IX lo VIIf nus Inti lias a wullli or a low mdes on lira I'lin- 
cono Icnaira to lira nmllicnsi ul lira llnotl plain, mul jnulkdily HOinccly oriencls to Lira 
liaidra Fiamiscnn iockx ot lira mlge lo Llio soulli llu* loots Uius iraoovtilaLo lira iccuB- 
nilran on lira uiluiisiLy map ol nn men nt high inloiiMly, lurliidmg n lunge fnnii X lo 
VIII, in lira midst ol n legion wlioio lira intending uilonsily ranges only liom VIII Lo 
VII Tins, as will bo soon 111 alial lnllowh, is lypioiil of nil lira mura iiiiiraiLnuL alluvialod 
valloya of Lira Good llnngos, aiul uulionlos ploiuly Uiai lira AppRionL uilonsily fui nurli 
silualrana is a funclinu of lira uiulinlying linnuilums 

On lira mate lmuloil flood plaiu of lira Mol loll* llim al Foliolia, lira dosliuelivo clfcolh 
woio even inaio uilouso llnui al Vciiuldo, and in nnukoil cnnliasl lo lliosp ap]Munil in 
Lho few walloi cd Iiousuh on lira km ky upland ItuL lilllo onn lio nilornsl liom tliih ooii- 
linst, sinao Poll cilia is situated an lira inujerluin of lira faull-liapp, nml only a r«*w miles 
Irayond lira nrasL naiUieih imiuiL lo winch il linn lieon ninp|ioil 

Tlra town of Wdiets is al lira lramlwaloiN ot a limneli of lira I'lel lliver on a flaL allu¬ 
viated valloy-lKilloni seven id link's in c\LcnL Tin* siliuiluni nml c linnraln of lira valley 
aio such oh lo suggest llial it w a lilled-m lakn Immii Tim gniuiiil-wtUn Iralow the 
vdlry-flooi Blaiuls willun a fow looL of llio am face Tlra town w 2b miles Inun lira 
coast al Meiulaoiim Cily, and uoL love Ilian 3(1 miles fioni lira faulL-bnro, yoLIIw ap- 
paicnl uilonsily was hoLIohs Ilian IX of lira scale, ai equal lo Llial wlnoli iuovbiIh on 
lho bind rooks m lira aoira, Lira distal lmnlei ol wlmdi w iwunlly nol nioru Lliiui 0 inilos 
fiom Lira faulL-Liace and often iniioli less JloLwoon WiIIoLh aiul Lira maul lho iiiLotudly 
hod diminhlusl fiom X in lira vicinily of Uio faullrbnee lo kw Lhnn VTI Tina input 
im* ham less Ilian VII in Uio lenilniy inimnduitoly to Lira wnsl, lo IX an lira vnlliy- 
floor, wiUi no evidence ol ollioi fRotund uiloivaiiuig, aiul ira ovulnnoo of uiiiillMly high 
inloimly on lira meky slopes sunouiuling Uw valley, ojquii uulioaLuH Dial lira niqiaionl 
inlonsily ih a fuiralum of Uio oliiuraolor of Uio vnlloy-flnm 

A Binulai eondiluin pi avails in Ura valley m which ITkinli w ulualoil, 20 iniksi lo the 
muUi or Ukinli Tlra pliyniogtapliio foalum ol lho vnllay art 1 davnliod liy Mi Clcrago 
McGowan m hih inpral dosciihmg Ura oTToolfl of lira oarllM|uakip aL Ukudi Tlra lawn la 
about 27 miles fioni lira laulL-tmoo, aiul in Una interval Ura inlenally liml (liniuiihlrad 
liom X to lorn than VII In (Jldnh, wbiuli is on tlra old flood plain of Lira Human HIvor, 
noai Ura muklk* of Lho vallny-floai, tlra Inloimly mao Lo Inlwnou IX and VITI llnra 
again, them can bo liLUo doubt as Lo Ura uifluonca of the linden lying foimaLionH upon Lho 
daatiuclivo oflools of Ura shack Tills conclusion u MippaiUd liy Uio tuna at which 
Lho shook was fell Ukiah is one of Ura fow places wharo aalufaohny Lnno ohaaivatiana 
wme obtained 

At tlra International latitude) Observatory, Dr Tawulcy roportn that Ira was 
awakened by the shook and lookt at his watoli, finding lira Umo (conootod) to bo 
6 * 12“ 30^, and ho ia of Uio opinion that tlra shook commenced at 6* 12“ 17*. This 
accmds fluily well with the time Ura ahook was duo at Uldah, ondafFmda no auggoation 
that tho load high appoiont intoimty may have boon duo to a load oarthquako. 

Another valley area of high intensity ia on tbo west judo of Gobi fake, aariradlng 
fiom XchcyviUo to Uppar Ida Lakoport, In tho oenbd portion of thin ana ia Sfl 
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mile* distant fiom tho fault, with 2 mountain amts inteivuiung Jn this intmvol tho 
inti mity had tlwn in iKhetl tioni X to loss than VII, but at lakcpoit anil Uppoi lake it 
ion to IX The topogiaphical anti gcolognal map* of the Cleai lake ilisliict, published 
by Bcckm, 1 thaw that iAkcpcnt ind Kr4*c>villc aic on an alluvial plain, the undei- 
ljmg deposits ol winch am of Qualcinniy age, and the same condition* pirviul al Uppu 
TjUo Between this aioa ol alluvium anil Bullitt Hpiings, on toeky giound, 10 milo* 
to the coat of Upici Lake, the intriuaLy diopt to VI At Lowu Lake, biLualcd on 
Tujon mulstonc, tlio intensity had nmihuly diopl to VI, anil these intensities aio alioul 
till 1 noimal foi the distance* at winch Baitlrll bpimgsand Kelscjville lie lioin Ilia laull 
along Uio toasi At Highlaml Spungh, Uic intensity was botwcuu VII and VI, which 
is also alnut die noimal toi it* distance horn the laull It thu* appeal* that tho high 
appnunl mti maty wa* confined to Lhi alluvial oi loeent loko deposits of the aica about 
Inkepoit Huso tacts iniliealo that the high appai cut intensity foi this aiea wa* piob- 
ably not duo to a lciial eaithqunkc, coinoulent oi ncnily *u with tho mom shock, but 
that tho di sliuetive action of the latlm wo" luridly augmented by condition* inlicicnt 
in the lmdtilying iiiioheionl deposits Foi if tluno h.ul been a local dislocation, its 
i Heels woulil uniloubLcdly liave made lliemsclve* mamfihl o\ci a wulci aica than that 
oaupiul bj lliese deposits Thi clinioiti* oi tlic slunk, an disciibed by those who 
e\peuen((d it in the vieimly ol Clc.ii Like, agues, niiuiuvei, with that ot llic shock 
emanating hum the lault at the loasl Backei's geological map ol (ho disliul draws 
no laulta tiavcming it 

In gcnciol, then, while tiom the imtuic at the ease it i* not possible to deny positively 
that a local cailhquake may linvo occulted an flic morning of Apiil 18,1006, at Iho name 
time a* the mam diock, no evidence appeal* to Ni«tam dint view On tho alhci hand 
Iho evidence line as cKcwhmc suppoila the belief that tho appaicut inteiihity is a func¬ 
tion of Uio undci lying loinmUons to the extent mnnilcslrd in Ibis distnct 

Coining now to Hmla Rasa Valles, wo encountci an mtcichtuig case of high intensity, 
associated with an alluvial vallcv-bottom The valley mav be dcsoiibed os oil oval- 
diapcd aiea, extending foi 21 uulcs tiom Ilealdsbuig to the inanity of Penn's Uiovc, 
with a maxmium width of 8 nulcs on a line lying lxtwetn Santa Rosa and Sebastopol 
Tho gauctal linul of the ouulial axis ol lira volley n about N 30° W It is linn not 
lai 1 1 om paiallcl with the gcnciol ltend of the fault along the coast Ovei a causuleiaUe 
expanse the vallcy-flooi ia peifecllv even, and appcaia lovd to the eye Al its wulusl 
poilian, howcvci, it lia* a slope lioin an elevation ot 170 feat above Miorlevol in the eastern 
paitof the aity ot Santa Rosa, to about 60 lect above bca-lovcl, a dcsccnL of 16 leal to die 
mile In thin Bcclton thue aio no Inina.a, but o pn tartly even piofilo Tothonoithof 
Santa Rosa, howcvci, the float ol tho valluj is less aren, and it ia btopt in a few faioad 
tenues, the lawosl of which is the pip°cnt flood plain of tho Rusmou Rivei 

The geoinoi]ihogrn> ol the vallov is not altogothci simple, tho piinuuy Tact in it* 
development, lrawcvei, in that it lias bum Laivcd bv stnsuu ciosian to its lull width out 
of a gicat syncluie of Meiicil ilato Pltocunu) stiata 1 The upturned odgLs of Llicsc Hcicod 
atiata, planed down to an even but now somewhat dissected am toco, constitute tho floai 
or tho uppui tniacc lying to die noith of Maik Wat Cieok at on altitude of about 200 
tret abo\ e the flood plam of the Russuin Rivei On a somewhat luwei lu laec is the town 
ot Wmdsai South of Maik West Cteck, the valley ih in goneiol deeply alluviated and tho 
well* a little to the cast of the city of Santa Rosa (150 feat deep) ihow that the alluvium 
is satuiatcd with giouml-watei to withm a shout diatonic of the suifacc Tho distnbu- 
tion of thih giound^watu thiuout thu volley is, howcvci, not wdl known, no systematic 
investigation evei having bean mode On die webtein side ot the valley fioin Sebastopol 

1 U B Qmflapnl Survey, MunuginplL XIII 

1 Cl O-mont, Dull Drpb Oeol, Uuv (U, vid 4 No 3 
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noilihwaid to Mmk West Cieuk, Uie dunnage in singmmt uiul givi*. ust* Lu llic l apnn ilo 
Santa Roba 'tins lagoon is a di owned walei muisc hi luc cwinitlion viith (lui lunik 
diauiage ol the Russian llmi, ami is indiealive til a dcliniiialmu til llic valley suitnrc 
wheiobj lira wcslcin snip lias Ixh*h ill pit s| liclm* llic liasc-h \«1 c -lalili-litsl |»y the Russian 
Riven Fiiim ilivscslalcmculs il will lie up|umil llial llic whiilciil Ike Ilian id llic Mania 
Rosa Valley is mil nlliiYiulcd, Iml llini. {milunis ol il — iiuiliculiuly llial ]hiiIkhi Ring 
Iratwvcn Maik WeM Cicek anil llisdilsliuig mul eusl n( Ike (hind plain ol Ike Russian 
Kivu —isotcnaicd plallnini eoi\cd mil ul lira Mi Kiel liiiunc 
Now the notably high apiiaiciiL mtensity ul ike ciullii|unke slmek was confined to llic 
alluviated poiUon ol llic vallcy-flom The 2 eeuleis ol population which Millcicd uidhl 
scveiely weie Sonia ltusn and St'lnslopiil Al Windsoi, siLuutcd cm llu leinue cut m 
lira Muiccd locks, lira uitensilv whs disimi llv Inwei JlisdiMnug, at llu um llu incxliein- 
ity ol lira valley, is also on alluvium mid llic ml cum l v wns lu u> ngiuu lu|di. llio not quile 
equal lo llial at Sonin Hum anil Heliaslo|Nil llic limn oT Cluesneville, mi the old llond 
jilain of lira Hiism'UI ltiwi, beluw llu 1 Mania It ini Volley, Millcicd nuisi sevi iel\, while 
Uie epineleiy ol the tnwn, Iml n sluul distance awuy, on a lucky leiuue ] ( NI Icel alm\c 
llic town, was ailcc lent in a distnu llv less dcgice, only one uioiuiiiieul having Inssi ovei- 
lliiown, luul nliw uiovisl on llusi pili-Inls llic rapid diumiiiliou ol nilisisiiy on |mu<s- 
ing fiom lira alluvium In Ike iiraky slopes, lluis hpeeilunlly illiisiinltil al (iueiueville, is 
eluuoelisisira ol llic Iwnleis ol Ike Mania ltusn Valley To ike nisi ol lira city ol Mania 
Rush, tins diminution is s« inpid llini lira giadnluni of nileiisily enu uol Ira iuks|iinlely 
pxjnchl upon lira uiUnualy map Uiulei these eueuuistuuces iL ih ckllic ull to avoid Ike 
omiolusnni Hint lira seventy ol Uie coiUiqunkc shirak mi lira alluviiiiu id lira Manlu Rosa 
Volley is in large nraasuic icfciolile lo the rluuuclci uf Uie gioinul Weie u load shook 
a laLtcn ui the ease, we slunild expecL llial llu* high nileiisily would uol he Imiilcd lo Ike 
alluviated ueo, liut would also Ira inuuilcsttsl un I lie* siiiioiuuliug luiiiiiilniu dopes Tins 
exiHtlalion mil living leahred, lira liy|Nilkesis ol iui uidc|rauilcuL kraal hlua k HlnndH witli- 
oul su|ipniL 'Hie general ixisiluai ol Ike isnscismnl puivch oil tlio vnllev-liollouis is mil 
notably alfw lei I bv the lugh appaicul nileiisily m Ike vnllejs lu miivnig at lira nai- 
clusimi Llial Ura high apimienl inlensiLy ui Uuh valley m releiulile m huge measure lo lira 
chninelci ol lira gnnuid, it is uol tins el)} miauled In e\i hide ullrai eoiiliilmloiy laelois 
A UraoicUud discussion of Ike ellccl at Uie Huilare ol Ura eiulli nl a euueiiseuni aL a point 
wiUun Ura ciusL allows Hint lui a (cilain [MiUi nl emergence Lha hoiinuilal psk ol lira 
enieiging emUi-maw, mul, llieiefine, Ike destiuctive ell eel ui genual, would Ira nl a max¬ 
imum Thu lac.1 that lira eai Uu|uoke uiulei ocnuucla aticm was due liol lo a aoneusHian al 
a point, but to a jot dcvolaped by lnoveiuent un a piano at least 271) iiulwhnig, icaeliuig 
to tlra ran taro mul of unknown depth, lemleis Ura B]i|iliealicni ol Uuh doeliuio diflraull 
and of qucbticmoldo valuo NavmUraliws, Uio lendemiy, which ih deuifaislialde m Ura 
ideal ease, would also anal in Ura moio complex actuality; and it ih liy no ineann ini|ioh- 
siblo that lho rone of maximum dcsliuction mat loll in a gmend way wiUun Ura Mania 
Raaa Valley, mul would Uuw ho a I actor oonclucive to exotssivo ileal iiicliun, in adchUun 
to tho laotoi uilioicnl in tlra cliaioclm of Ura giouiul TIuh suggestion, lo have weight, 
filiould be oonolxnalcd by obhcivaLunui in oihur poitians ol tho general lano ol dcMli uotivo 
oflccls, anrl it must be confcht Llial HalisTaeloiy eoiiohoialian n lookuig 
While tho geology ol tho Manta Rora Volley has not boon nuippad In dttad, owing lo tho 
lack of topogiaphia maps, it has been cnidully btudicd, puticuloily bom the ntiuolural 
and Btiatiginphic point of view, by Mi. Vanco Ounanl, 1 and no fault tiaveiunglira valley 
was found by him Thounclcilyingstiucturo, so lai u has hem nuulo out, is aaalieaily 
btolcd that ol a bioad, lalhci snnplo, synclinal lohl It Iras also Iracn indicated that thu 
buitacc of tho valley has been subjected to lacml deformation, whureby the western mdo 
1 Bull Ikpl Ocul, Unlv Cal, sol i^No 8 " 
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has bean dopiest below tbo local linfo-lcvcl This may be taken as on indication ol tlio 
persistence at the com pi curve foiccs which angmelly gave use to the qiuilmo If, now 
the underlying lorknof the valley woic in a staleot qrneluial sties*, the iclicf of that *licss 
attended by tlio dislocation along the luic of tho Hift might giva 11 % to an elastic ilis- 
tui banco ol the gioiirol winch would be additive to tlic shook gcncialcd at the faulL slang 
tho Iiiit 

But ntwio of these suggestions, whethoi of eontuhntaiy shock, 01 an unicvealod fault, 
01 ot coincidence ol the valley with a vaguely defined aono of ma\imum housanlal 
jcik, 01 ol Hidden lclicl fiom sjncluud comptouian, aionuMnincd bv satisfactoiy evidence 
They oie possibilities which, with the facts bcfoio us, it is possible neithci to alhim noi 
to deny The lelacnee to them in this place is only oxauseblo an the giouiul that they 
aic suggKtiYO of lines of inquny which may pnhaps be piofilaUy undcitaken at somo 
futuio tune On Hie othui hand, tho mflucnoc of the ehaiactci ot tlie giound upon tho 
appai ent mtensity is austaincil by cumulative ovidcnec 

In Sonoma and Napa Valleys, the deposition of the isooissmals is vciy ovulonlly dr- 
toimmcd by the contoui oT tlio valleys, the high intensities tunning fai up the valleys 
within aicos of lowci mtensity an eilliei sulr In Sonoma Valley the uppoi and lowm 
puts aic nlluvuilccl, while the middle pail is not, 01 , it so, only to a slight extent, and it 
is being ticnchcd by tlio Rlieun wlnuh flows tluu it Tha flooi ol Napa Valley, on tlie 
olhei hand, is alluviated tliiuaut, save fai snmo loekv bpuix and isolated lock.} lulls which 
oecui along pul ions or the Ndcs of tlie valley Tho mtensityihnum*Jics m the uppci jai l 
of Napa Valley, in lha vicimlv or Cidihlogn, whcia the alluvial departs thin out, notwith¬ 
standing the iact that Cdhsloga is sonicwlint ncun tho ioult along tho Hift than is 
Nnpa City, at tlie lawn end of tho valley, and notwithstanding tlio iact thatCnlifilogn is 
appioximnlplv an tlio line oT tlie Mount St Ilolenn lault dcscubcd by Oamanl If tho 
iclati\cly high apiKiicnt intcnutj of Na]w Valley wcio m any way icfuablo to a local 
oni Liu [unto on a fault tiavcihuig tlie vnlliy, wo should not only expect tho effect* lo bo 
manifested an the 1 ocky dopes of flic voile}, aa well ns upon ik flooi, hut would also expect 
highci mtcnaitiea on tlie line of the only wcll-dofmcd fault known to tiaveise tho valley 
Ncithu of these expectation ia icallsed, and upon the dopes of Mount St Ilelena, m tlio 
viainity of the fault which tiavciMs ris western fi ant, tho intensity was notably low—not 
highci than VI We ua thus again faced to fall book upon tbo chaiaatu of the giound 
as the immediate aauso of the high appuent intensify an the alluviated \allcy-flou, 
putirululy in the lowei puL of tho valley 

Spcoiflo anil insliuctiva instances of tho mfluonce of tho chuartci of tho giound upon 
tho apparent intensitv of tlie shook me ailoidcd bv tho oilach of Fetalunia and San Halacl 
Each of these cities is builL pull} upon lock and putly upon tho alluvium of tbo tidal 
mushes of tlio Kui Fiauuseo Bay Petaluma is situated at a distance of 14miles iiom 
the fault, and ijui Rat ad nt a distance ol B mile* In both cities the damage to buildings, 
chimneys, etc, won iiololily less upon the lack than upon tho alluvium, oltho the lattci 
eon not m nlliei ease bo supposed to have any gieat thickness at the baso at the hills 
(Scofig 04) 

In the dt} of San Fiancisco the cl (.'tailed study of the duftubutian of intensity, bo suc¬ 
cessfully cai 1 icil out by Hi H 0 Wood, efloids a conclusive poof of tho puamount 
mflucnce of the chat actor of the giound in dcteimining tho high appuent intensities 
which atteotod poitians of the city On tho made land m the vicinity of the Feny 
Building, about B 0 miles fiom tho fault, as mall as an tho tidal mu ah land, and along 
Mission Gieok and Lagoon, between 7 end 8 miles ham tho fault, the mtensity was X of 
tho Rossi-Foid bcoIc Bub an the loeky top of Telcgiaph Hill, mm the feu ice, tho ui- 
teneit} was soaiudy highoi than VII On tho sandstone clifiB at Point Lobos, about 8 
mile* fiom the fault, it wee about VIII, and an the summits of the that hills in the cen- 
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tial put nf llio caty and county ol Hon Fioiioimo, 6 to 0 miles fimu the fniilL, il was 
about VII On the alluvium ol Miviinn Valluy, nf. ibbliumus of finm 0 lo 0 miles fiuin Uic 
fault, tho inlcnuty mined lioni lo* them VTI lo bcLwoun VL1I mill IX 
Uiulia biinilai conditions of (pound, the sliock wni gieatoi nroiei Lite lanlt, but Uuuo 
wub much gicalci canlianl. beluii n l In* da magi' pioduccd by tlu> tduwL nn tlir unnuiii 0 f 
Tclcgiapli Hill one! Dial in tlio viouuly of the Eoiiy Building, nL like dislnnen limn Uu> 
fault, Ilian lliciu was between tliu diuimgu niai Llio leineh anil tliat m the uiiiunliuUi 


N 

A 



Ini Ol — IMnrlbuilw of lalnudir la Priihiw Voiihal IIim tapiaml aim of Imr 
allnflal land, oa ihhh aaiil) *11 ■ bin ■■ ■ ■< Ui'ia, .1 II nl «ii«l lima ■■ | 
imbI atopoi andaikla by iwb mi.li h ai ■■■n hail il. il.ia.ht a., u hi. i>t<i 
IhaiolU blaik B1MH and rflriD p nalfl l.ll halll * la«il.|| lla.I.lahh 
aim taHlml by ilolial llnai nq. ■ Lain i i ii al>) i» Jai mi m II n 
Uuimay 

vicinity of tho fault Thus, notwIthaUuiding tho ganmal tandonoy of tho intensity 
to dimmish with increasing distanoo from tho fault, it Heoma to ho mnpiMtinmaUa 
the degiec of intensity which pravodod at any looality m the dty dapandod ablofly an 
whethoi tho undulying founatuma aio flint look oi mnnimumt moio or l— 

aatuiated with water It would oven aoem pnonlhln to diaonmmato alight dUTaranaea 
of appaient intoeaity on different lands of flint rook foi same «n«trninit from tho Caulk 
Thu the abort hills appeal to have auflorod lomdlsturbanoo that those where sorpantme 







312 REPORT OF HIE CALIFORNIA EARTHQUAKE COUUIbSlON 

outeiops, and the anndstano aicas wae mmc distuibed than the sci pontine But tliusc 
difteienceb ■uo minute 

In tho cay* of the made Luul and old mush land of San Fianusco, wlieic the nppaicnt 
inLcuwtv icarhul X, time con bo no question im to irafabibk local hhotLs sinui tho iaccs- 
ave diituibanco was to btuutlA limited to ilia nica lying ouisuli. ol the oiiguial hlioic line 
and iiDi-h bon la 

In tho low giound about San Fiamibcn Hay Lo tho houlli at the city, we Iu\e anollici 
instance, an a ulhci luge scale, ol high appai ent intcnsrt\ detoiniuml hv the imolicieuL 
walei-ailiiiatL'd condition ot Uu urn Inlying loi nations San. Fiainisio Ha.ii in gcncial, 
niul lira southern pniliou of it m puliculai, lus in an alluviatid \alley which hub been 
depiisi no Mini its initial [milion is now below sca-lcvcl Tins suhnicigcd valli'Y-Ilooi 
pasm insensibly into lira Santa Claia Ynlky \ilu«.li encloses it uu tlio -oulli and cxlviuls 
soulhwoid bulwmi iIil Santa Ciui and llount Ilaiiultou laiigLS Tiraliiig San Fuui- 
uiboo Baa mu! Santa Claia Valley ns ram phvsirigiaplnc featuic, il iiiu.'v be hlalnl, withimt 
going into tliu L'\ idcncc m detad, tlut ilepicssion aiul olluvulion have bulb been gicab i 
in this southern end linn in llic 1101 them This southern poitran of lira \alli‘> cun- 
slitutus a gicat ulesion bisin, and many wells lin\i lm n sunk 111 il The dcpicst Uuugli 
is not, liuwmei, wholly hllod by alluvium, since sovual wells have past lluough laic 
Qualciiuuy bLiata canlainmg uuuine fossil ioniums It would appeal, Limn the seclious 
lcunlisl b> llu.se well-, thit with the piogicbs ot subsidence, nui mu deposition alternated 
with allu\ ration The dqiaHta, wlrathci inannc 01 alluvial, appeal to bo inculieient 
01 uiiconboliiktiil, consisting of clajb, uanils, and giavcls, m loyoih of uicgulai thick¬ 
ness and cvleut Many wells have past thiough hcveial hunched feet ot sudi nialeuols 
without lead ling buliock Quo well, on tlio edge of the iuaith mni Alvninilo, icai hul 
lock at n 1 lei it h ol 730 lull At the sugM-null at Alvaiado, and at Ura Conti a Costa 
pumping plant, in the anine vicinity, tlunc nio bcveial wells hoin 300 to 400 fool deep, 
passing thin clay, Hand, muI gia\d without 1 caching bcdiock At Robuils* Land¬ 
ing thue aie 2 wills, one £71 leel deep and tho othci 510 lent deep, vilueh pasL lluu 
nltcinalionH ol day, wild, and ginvel, but did not icaeh bcdiock K well 15 miles 
south ol Milpitas past lluu 11 Ininis ot ginvel oggiogafing 100 Uet and 12 Inyois of 
clay aigingating 218 Icct —toLnl deplli 284 fuel —but did not leadi liedinck The 
'veils 111 the a icimly ol San Jose langc in ileplh lioin 36 to 600 feet os a lule One well 
011 Lira bank ot Gufulnloupo Clock, luiwcin, was hunk tu a depth of 1,100 Teel, Imt dul 
nol penelialu hedior k A wull at SUuifoid Uiuvi isity is in giavol at 412 leel On the 
Avesl hido ul lira Hiv llraie -uu soveiol bundled wells, most, of Ihciu luss than 100 lest 111 
depth, wluli tlu ilis'p ones an usuallj a littlu inoic tliun 800 fuut Wells aiu cun Iraieil 
111 ill' 1 balluin ol lira Hai aiul an obiiniliuil supply ol riesh wolei is obtmnuil I 10111 lliem 
These bin I stafameiils will be uifluieut tu aHoid a geneiol ulea ot lira c\lent to wluuli 
lira \alley lus been depusi and filliwl in with ik posits as yet unconwihd.ilril To llie 
south, llu locky fluoi ol lira valluy apixsus at Urn surface in thr vionuty ol Cnjnli, 12 
link's souLli of San Jim 1 Beyond Hum, howovci, tho valley again opens out ami is 
deeply alluvialiil 

On tlu> fluoi ol this vallrj, fiom Han Biuno Muiintam houtliwoid, on lralli subs of lira 
Bay, and soulliwaicl a few rndes beyond ban Jose, the mtensity was almoimally high 
On the lock} slopes lxtwicn tin. ws-stun algo ul the vnllqy-flooi and the fault, the 
intensity had ilroiit 1 10111 X at the tault to VIII at the brae ot the hills On the valley- 
bottom it again shaiply kmc to IX On thra giound weie Stantoid Unrvunty, Hid- 
wood City, San Mateo, the 44rinch pi)* of the Spiing Yallcy Watci Company, Ran Jose, 
Agnews, kill pitas, ami AlvnimLo On the eastern adc of the Baj the mtensity of IX 
did not jKisibt to the base ot the hilli, but c\tcmlcd only about halfway fiom the shorn 
luic to tlio edge ot the \alley Thcic wab tlnuefoie a distinctly dimimshmg mtensity in 
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nppiooclung tho base of tlio lulls on this side ol ilir vulley Hul nl the luse nt ilim IiiIIh 
lies ono of ilia dominant faults of the ouuiitn —Hip fault u|xui which uicivenieiil look 
place, with lupluie of Hie ginuiul, |ii im lm ihr the cailhi]iinke ol IRON Tl would seem 
that, if local caillupucki^ wne to lieumiked lo explain llie high mu nsiiy nl the alluviated 
vallcydjoUiims, lieie was n line ii|i|niiIuiii1v lm an ilhislialimi ol llml dncliiue Hill llie 
seal of the ilisLui bailee nl lhtIH wus pis feellv inssive in 1‘KHl The intensity diminished 
east waul light up lo the linill-tinie, and llieie is no siipji.i-sluni llml tin* distmliumc 
ulong Um Han Aiuluus ltilL iiifeilid iL in the ‘Jiglili'hl digits 1 'Hus lieing the ease, 
llioiu appuais to la 1 no in muse hul Lo a^ulie llie minimi ii| i|wlii*iiL inlfieviy nlxiul 
Uic aouUicin pail of Stan Pianeiscn Iki) lo tin 1 clnuuilei of the uiii listing fm mat ions 
as in nlhei x alleys beliuc dwnheil 

lb the wcsL of Uie Han Amin us huill in Sun Mateo mid Hunlu <‘iu/ Coon lies, the 
aiipoicnl intensity ilmuiiihlics on the him im ks mine luimlly thim lo Iheeu-I ol llu 1 TnuH, 
but il uses veiy uoLnlily cm tin* ulluvud Inn ol I'lliutilos Cieek nl Hall Mmai Hay, anil 
in the alluviated valleys ol Hun (begin in anil IVs'ailciii Cus'ks (hung wcsLwaid 
down Filoieilos Hanyim, tin* appnieiiL intensity chops liimi -\ at the laidl lo lens 
than YII wiUun I miles of the InulL, hilt along llie eoasUd hinges of alluvium wlueh ho 
between Uio lulls and llie sea, iL use* nfpiiii to VI1T ul Hpnnisli Town mid to IX cm llie 
flats lielow Uie town In the yu11c\s nl Hail (liegono and lWculein ( 'ieeks an apinucill 
mtonuly of fioin VIT lu VJII e\temIs lor 4 unit's ami 3 miles, icspeeLmily, into an aiea 
of lull lamh wlino tin* pievmhng intensity is licnn Vf lo VIT I'lio geology of Hub 
legion, LliotiantaOiiiiQiiniliangleJiuH Iwni uinpinsl by l*lof J C Hiaimei, and iui fault 
is known at Half Moan Hay lbi Uiei miulli tin* Hail (iiegnuo fault emeses tlio uiuulli of 
San Oiagoiio Valley and the middle inuL ol I’esciuleiu Valley, wiUi a rminv parallel lo 
tlio It end of Uio ooasL oi Iibusvpimi to Un* a\es of Uie vnlli'ys Hut Uio high aiipaicul 
intensity in Lho ltolloms ol Llicsp vulleyH can not lm leleiml to a local paiLliqiiakc duo 
to movoinenL on Uus laull, wnee cm ntliei hide of ImUi \ alleys, ui Uio iunucsluile vleiiilLy 
ol Uio laull, it chaps to Ik'Iiiw VII, while a Tew miles faiUu'r rnulli cat Uic Home laull Llie 
apinueiiL intensity diu|is to VI 

At Hanla Ciui a pin lion nl Uie c ily is limit ]mrl1y im a series of linmil whvwiiI leinieea 
in Uie IntuiiuiiouH hluile ol lilt* Monteiey msics mid inertly on tlio nlluvlnlcsl Imtloni- 
laiuls id Hon ImieiiMi Uiypi llie eontiusl m aiipoicnL intcsuuLy m these 1 two {nil Linns 
of Uni oily in nuuked Til lliol imitum wlueh ih mtualcd U]mjii Uio Leu act si llie U|)])aieiiL 
intensely ituigcs hom VLL to Vllf, wlule cm the Ijotloin-lnnds ol Uie uvvr it uses to 
fioin VITI to IX II Urns apjieaih again, limn a ccmsulcnaLum ol lliese four euses cm Uie 
eaasl extending fioin llnll Moan Hay to Hanla Orui, Uiat the eliaraetei nl Llie males ini 
ui the nlliiYialed valley-1 hiLIoiiis has exeieuwil a dciiuiuant influeiico in deLeiiiiinuig Uie 
apimienl intensity ul Uu 1 csuUu|uake shock, and UmL them in noUiing in Uio faeLs lo 
Buggesl that any nUici lac Lin lias played an hii|Kii luiil rflle 

Tlio finest lllushaticm ol the mfliusice ewicisnd l»y alluvuiin in Uie picxluplion of 
high appaienL uitcnsilv is Lliat allracleil by Uie vullcy ol Ihe Salinas Hives and iLs exlin- 
sion to Uie valley ol the lowei |mi lion ol tlui Pnjain llivei llie HoIiiibh Valley ih one 
of the notable physiagraiihic loatuies of Uie (Joast Hangm It lust lietween llie Hanla 
Lucia and Qavilan Ranges It is deeply alluviated and strikingly terraced, pailiculoily 
m its lowei paiL Uio couise of tho \ alloy wan proliably cletnminnl oiigiimlly liy tho 
fault along Uio eastern basu of tlio Santa Lucia Bongo Tho nva dnehiuges into tlio 
Bay of Montaoy about its nuddlo pait, a fow milm boulh of Uio mouth of tlio Pajaio 
Bivm On tho flood-plain hoots of both iivma, and along tho bcaoh ol the Bay of Man- 
toray, tho intensity was IX Thm axtandod up tho river for aevoial milos abovo the town 
of EUmoa Thom who oxtanaivo fisaurm in tho alluvium an lac aa (lonialaa, with alumi>- 
ing of the ground towoid tho nvci tranoh. Damaga of stiuaturca, uulicaliing an intanaity 
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oi VIII, extended up the valley as fu ob Chualoi, and the limit oT intensity, VII, van 
loathed ady at King City, 46 milch above Saimaa, VI in the Yinnity ol San Anlo, 65 
miles, and V at Pa® Rubles, 09 mdin above tlu. some point Tlio isospixmals diawn 
thm then pnwii aio ■imnwh paialkl to the iiyci, the intensity to the cast anil nest 
ilunnushing lapully Tlio town of Salinaa ■ about 1J miles distant lioin San Juan, 

■ . ■ . « ii ._ a_ j i_ii__.1 j i m._ .1.. n_ 




which urtavema between the two valleys, the appaicnt intensity diopt to V anil then 
lane lapully to IX in iho Saimaa Volloy The (mutation ot tho high appaicnt intensity to 
tho vallei -flooi, ilic piaatinilly ayininotucol paiullclism ol the nawwinals to tlie median 
line ot tho valley, anil tho diminution ot the intensity with tho thuining ol the alluvium 
and the const uctiou of Uio volley upslicnm, all uulnatc dcpemlcnec ot the chaiactci ot 
tho shock upon Ilia constitution of the uiululymg fdilutions, and Miggcsl no olhci 
factoi 

Stall faithci south m San Lub ObBpoand Santa Baiboia Counties, fat boyond the 
isovismal IV, an nppaiont mtcnuity of IV is null ratal bj Hie cficels obseived in tlio 
valleY-londs at San Luis Obispo, Edna, Anoyo Gi anile, Pismo, Santa Mai in, Casmalia, 
and Loinpoc In Uu> flat alluviated valley-bottom in winch the town ol IIollislci is 
situated, about 8 miles east ol the suiithcin ml of tho iault at San Juan, the appaiant 
intensity lose to IX, but diminished veiy lapully on tho hill lands immediately to the 
rut of tlio vallcv to VI, which appeals to hove been tho nonnal mtensity fd tlio moun¬ 
tainous tioet between ILolhster and the San Jiaquin Valley 

Esithei southeost tlicic was a anulai but less muted iim in tho appaicnt mtensity 
at Lanook, Flint Valley, and Hernandez, all of tbem being an alluviated bottom* 

In the alluviated valloys to tho oast of tho Bnkdey Ibllo, the appaicnt mtensity was 
abndmolly high and the aica oecupied by these valleys conbtituteb on isolated aica in 
which tho mtensily tonges fiom VII to VTH m tho midst of a belt in which tho tangc 
is fiom VI to VII At Pleasanton the mtsratv was somewhat highm than at Sunol, 
ahJio tho laltci is ncaioi the fault of Apid 18, 1B06, sml u Btuatajd, nicioovci, on tho 
line of an old fault which tiara sum the west Bile of Lmumoie Valley and extend* up 
Golovnias Valley into tho Mount Hamilton Rangp At Ltrainoic, m tlio moio open 
pail of tho valley, whcio tho alluvium is dccpei, Uio 8 5 miles laithm horn the scat 
of disluibonee, the intensity was about tho samo as at Sunot At Mhitmcs, on on 
alluviated cuibavmcnt of Suisun Boy, the damage due to tho shock was inueh gicaloi 
ilmn m noighboLing towns bituatod an look, even when the lattci woie ncaici tho fault 
Bovond Mai tines to Uio oastwaid thoio is a vciy msiked bulgp to tho oa*>t of Suisun 
Day, in the Mo&oistnsl VII, which con bo attubuted only to the low anil moishy ohaiacLci 
or the ground Tho appaicnt intensity at Antioch was a dcgica highei in Uio scnlo than 
that aL Mount Ilundton, oltho it a double tlio dbLanee fiom tho fonlt ol Apiil 18, anil 
oltho thvio oio buvoial old faults in the vicinity of Mount Hnmdtan and nano aic known 
noni Antioch 

Tito inducnoo of tho valleydands upon the appaicnt intensity u well shown on a laige 
sonic m the disposition of the isosaumal cuivcs about the Saciamcnlo Vulloy In the 
mountains to the west of tho Bam amenta Valley tho appaicnt mtensity langes m gm- 
oral hom VI to V, but an the flooi of Uio volley eaatwaid to boyond tho UaoiamcDto 
Hivci, it is vciy umtoinily about VI oi YI+ 

Tlie most intciestmg case of high appaicnt intensity in a valley-bottom lomotc bom 
tho San Andieaa fault is that of tho San Joaquin Volloy Thu ease mciits especial 
consiiloiataan, smoo of all tho valleys here conudeied it is tho one which is most sug¬ 
gestive of the oaouuonce of a local eaithqualce, distent lrom, tho connected with, 
the mam movement on the Sw Audi cos fault Whde tho suggestion B strong, howevei, 
tho evidenoe b not conclusive of the ooouiienee in this region af a quasi-independent 
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euthquako, and all Dial can be done is lo uidienlc ilia avulence which points Uiat way, 
and cilo ccilun tacts which doUacl fiorn Uic loico ol Hint avulnico anil tend to coire- 
Into Uic loculi]' lugli intensity in the Hun Joaiiuin Y.dley with unnlai higlt ap]uucnl 
nitcuMlics in otluii valleys thus l.u disriibl 

Tlio nppoicnt intensity on tlio flout of the Saciainnilo Valley, an lias boon blatcd, 
inngn about VI + or the stale Tins is Miinewhal luglm tlinii at sovond pmnla in Uic 
adjacent Coast Hanses to Iho went, and the ihllcicnic is bmuiImiIiIo to Uic alluviated 
oliaiaolai or tho vullcy-flooi and tlio whIcmaUukUsI cixidituiii oT llic alluvium Ah wo 
lollaw tlio Baoiunciito Valley suulliwaiil into Uic Hiui Joaquin Valley, it cun venues ujkiii 
tho Ban Anilicas ltill, aiul we hlunild iiuliiinlly oxpoul an inoiisisu m Uic intensity by 
1 cason ol tho diniinuluxi or tin 1 distance hom the hcuL oT dihliiilauice This expecta¬ 
tion auaincasuiemilMcd liy an eastwaid blip* in llioihuseisnial VII oppuhite Suisun 
Boy, and by tho somewhat lupins intensity at Tioqy and WcnUcy than at BaeiaiuenLo 
and Blocktim 

BouUiwaid huiu WosUey, linwevei, the appuent mleiwily him eases at a iate wlueli 
eon not bo ichmcd to Uio slight upjiiox mint inn oT Uio icgum to Uie ml ol tho mam 
distuibancc At Clones landing llioapptucul mtciisily u YI1, atNowinanilisVIIl, 
at Vdlla rt is V11I +, ami at Los llonoh it w IX. Tliesp [mini* ho on (he west Hido ol 
tho valley between Uie Sou Jumpim lb vim and Un* flanks ol the Cuaht lbuipes Huulh 
ol Lot Banob, an Uio vulley flooi, settlements nie veiy lew, anil mrornialuai as to Uio 
appaicnl intensity is unfoiluiialely laehmg civei an exlcnHivo ton Kory At Cualmga, 
ho woven, the appaionl mtonsity is VII, uulicaling Uiat tlio almonnally high Jiguics 
pi avail ovci Uio wcsLcin aulo oT Uic volley hum Clow’s lauding to MiuUiwaid ol Ckmluign, 
a dulanco in a nmUi and anuUi diietliun ol not le« Hum 100 uulrs. Tliat Uio hirfi 
appainil intensity wan not wliully aiailuieil lo Uie valley-floor, but also oxtended mto 
tho flonlu ol Liu* Coast Baiiffti, in hIuiwii by Uu* icuiaikoblo nencH oT laiubdideH which 
wcio blaitod by Uio eoillupiaki* lor a ilislaueo ol about 33 nulni iiorUiwamlwaid liom 
Uio viouuly ol Canluo, icjkmUsI by Mi B. C Ldlia, and dcaoiibad by lhof. Q. D Loudui- 
baok ui uuiUici pul of tlnn icpoit. 

Now Lot Uoiws, wluvo Uu* appai ant iiilcnraLy wiw highest, ih dwlimt 40 niilm limn 
tho neatest ponil on the San Andioas faiilb at Han Juan, its Hoiithein oiul U la ncaily 
84 milos m an an-luio hiuu Hollister, tho naaiosl pouil lo -Uio weslwanl liavmg a ouiu- 
laily high appai on L intensity. In Uio Coast Uongm lailwccn Ilulllslcr oiul Ixm JIoiioh, 
tho mtcuaity woa an low aa V. 

Them fnoUi aio nuggi stive, as alianily staled, of a local diHlurltoncc at oi alxiul Uie 
aarno Uino ob Uio mam Movement along tho Bon Andicns laull 

Cm loin on cuinaLanooi deli not, however, horn fho foico of IhiHHuggcsUcni, aiul Indicate 
anoUici powldo explanation wlueli, it must ho aanfmt, la not vary ooiiduiuvo in viow id 
tho lomotcneM ol Lot Buim ham tho aeat of diaUirbonco. Tho portion of tlio Ban 
Joaquin Valloy b wbioli Lot llanos bos ia undoubtadly an uuilaipound wain roumvolr 
It lias at tho 1mm or tho alluvial fans ol tho Coast Ranges wlimo Uio Htroaiua omk, anil 
tho wateib of tho Hon Joaquin Rivm inainlab tho watn-taldo at no giuat dwtanoo lidow 
Uio auifooo As shown bj Uio oxpciLmonta of Piof V J Bonn, doaoiibotl m another 
put of this iopenl, watci plays an impatant part undar certain MMlitli— m moroasing 
tho omphtudo of tho cuth vilnationa and, thmotoio, fhmr destructive afloat. In this 
lospoot the logicm about Lea Bamaa would bo partloululy favunbly for tho 

development of high appai oat intandtUM, an infonod bom dwtruotivo offoota Tho 
ganeiol oanditianB uo quito analogous to fhoao in tha Balboa Valley, b tho battomrlanda 
of tho Fbjuo River and Lho Bunion River, and b tho region about tho south end of San 
Fionouoo Bay. Uio chief diffoianoe in b the greater romolanan of tho Loa Banoa ragman 
fiom tho not of diatuibanco, if only one mush not bo aamunod. 
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Anothei cuoumslnnce which weakens the suggestion of a local enilbquaLc it the 
failuie of tho isoseunuls below VII to caiiy out the suggestion by bulging into tho Coast 
Ranges an the west 01 the flanks of the Riaia Nevada on the east In tho latitude or 
Las Bonos, tho high appaient intensity was oonfined to the vellev-flooi, altho faithoi 
south, ncai Panina , this can not bL afliimnl In view ol the evpeiuncnts of Piofcssoi 
Rogeis, it scenie piobaUe tliat in the neoi futuie, by an active pioscrutum of such 
evpei intents coupled with close held obscivation, we shall amvc at an aiitliineliool 
orpicssion fui the coefficient winch will onable us to ieilucc the appaicnt intuiiMly of 
watei^satuiatcd alluvium to tho tiuo intensity dur to vibiation m honingcneous elastic 
lock When that coefficient becomes available, it will pci haps be possible to dcteimmc 
whelhei 01 not the dcstiuotiso of teds uvcmplifii.il in the San Joaquin Valiev at Los 
Banos aie icfciable to tho conditions ot tho giound 01 to a local seismic dutuibanco 
Until then the question must icinain an open one Analog! with otlm valley Iniuls 
neaiei tho fault, whcio high appaicnt intensities sic itfciaMc, both un tho field ovulcnco 
and in the light or Piofc^ui Rogue 1 cxpciuncnta, to local comhtionb, nulitolcs agauibt 
the hypothecs of a quasi-uulcpcndcnL caithquake Hie icmateness of the lcgum fiom 
the known fault uul the high mtcnaitiob on the flanks of Ilia Coast Ranges indicated by 
the new landslides at Cnntua, favoi that hypothesis, but no pucilive conclusion can 
be leached at piescnt 

HBLY1ION 01 VPPVH1NT INTENSITY TO KNOWN FAUITb 

Altho tho geology ot California has been atuilicil in detail at but few localities out¬ 
side or tho gold belt of the 81011 a Nevada, yet the gcnoted looonnaissanco woik that 
hoe been dene by vaiious gcologibis has biought to li^iL many of the inipoiLonl faults 
in the state Such as aie known aic indicated on map No 1, without any oUciupL 
to disoiimmatr hatween the vaiying dcgieos of ccilamty with which then existence luis 
been dolciinmed The map uivas the doublo piupaeo of bunging logulhei foi U 10 hint 
time oui knowledge or the disliibntion of lauka thiuout the slate, anil of dluminat- 
rng a biicf discussion or the 1 datum or appaimt mlcnsilv to tault-lines On 4 of these 
laultb tlieie havo accinicil 6 sescielr ilcBUueUve caiUiquakTS withm the lant 60 ycais 
It thus behooves stuilenls or Californian seismology to bLoomc Ismiluu witli these hlim- 
tuinl lcatuics ol the slate A iceenl account of tlui Culabilnn caithquake of He|ileiiilipi 
8 , lQOS, dealing puticulaily with the ilistiibulion ot intensity , 1 and the iclolum or that 
distubuUon to taull-lmcs known 01 infcnul, gi\cs on especial intcicbt to tlu 1 eonsuleiar 
turn ot the faults ol the Californian icfpon at this timo In the pi reeding section ol this 
lepoit, it boa been shown \eiy duhnitclv tliat abnaimally high appaicnt iiiteiiHtieh weie 
developed an tho vallcv-bottoms, and the cause of this has been icTmcd in a geneial 
way to the inooheicnt and wntm-siluialcd comlition ol tho matciudb uni Us lying Lheso 
valley-bottoms In Calabiia, m the uccount lelenud to, Piofcssm Iloblis cniielaleh 
the tones of exceptionally high intensity with lines of ancient faults, which in some 
poitians of the legion aie known on gcologual evidence to evisl, and m olhois eio sup¬ 
posed to evibt because of the high intensities manifested lie does not iceognire Ilia 
chaiactci of the undcilvmg loiinations as an impoitnut factoi in pioduoing dilfeient 
riegiecs ot intenuty, ea inteiied fiom dostiiirti\e effects at tho suifaec In this ics|ieet 
his conclusions do not haimomso with those ailived at m the study of tho California 
eai thquake of Apiil 18,1906 It thus becomes a mattei of inteiest to aaam fauii what, 
it any, influence was cxmoiud by the known faults of California, othei than that which 
was the soat of distuibonce, upon tho distubutum of oppaient intensity, independently 

1 W H Hobba, Tho Gcotoclonic jnl Gaodjnamic Yaputi of ftiinhw* and Northom afa»iy 
Lcip/if, 1B07 
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of that wluch urn clcailj due to the ilimoclci of the geological foiillations This qiio>- 
tioa has been touched upon incidentally in Uia discussion of the i elation or tlic valleys 
to dibtiibution of appaicnl intensity, but it nil bo of advantage to icyiqw the faLls 
hcio nioie ayblciiialicalLy, tlio quite bnclh 

In Boulliein Oicgon iiud m lundiiasUiu Calilaiun, in MihIin 1 , Hluislu, IjI'Mmi, niul 
Plumas OountiCb, the sluick was so uiiilinnily treble (lul llicie it uu Miggcsluni of locally 
higli intensity dui* to any iausc The same gcunul hlHlenusil it Liiu* of nmllicaMein 
California, in Del Nolle, Siskiyou, HuinlmkU, ami TiiniL} L'liiinliis, lm( in Lhis lcgmn 
borne of the faults, iMiliculuily tlml ol Redwood Mountain, wise uol faitliei fimn tlic 
heat of dihluibanco lliau mluiu kmilitics lnilhei soiilli, wluie nlmoiiimll\ high up] wind 
nilensiLy was ilevelo|NsI on loJIej-Ixilloms 11 (hi Uidwood Moiiulmn laulL luul Ixvii 
n locus of movement, dune tail In* lillle dniilil, altim (lie hettleiueuls m (lial icgum me 
low ami bcallcied, lhal ue sluiuld luive lie.uil ol liu 1 m*\ eiKy of (lie hlun'k No eviileme, 
liawvvci, has conic lo lianil nulu nine til any exceptional M'vcnly on m msu tin 1 line 
of Hint laulL 

Along Uio casU.ni fmiil of llie Siena Nevada, liom Iluney Ijnke and (he Tuyloisvillo 
distiioL to Tejou Pass, allhn llieie me uuuiy o\U*iim\ e limits, ami aldm on one ol these 
llune ofcuucd a nmveuiisiL wliu h niuiil (he Inyo i arthquiikc nl 187.2, yet llieie a no 
hugguslioii of any loan! movement mi any ol (Ium 1 on die niniiiiiig or Apnl JN, IfNNI Tlui 
inli'iisity of Hie sluick along this griiend Inullrioiie was alaiut IV of liu* scale, hut Lho 
uiovoniciil was a slow, geiillo nwiug oluti neleiistic ol a heaxy ilislmit sluick 

Bimilmly, tlu* iiuincious faults whnli liaveiie Cnhloniin south of Tehachapi may Im 
left out of eaisuleioliiiii, mi shock nl nil having linen lell avci Liu* giealei pnit of llic 
legion, mul liut fci'bly in lluise [uuLs wliei e it was lell 

These thus icniaui ol Hie faults in ('idifniuia pirn lustily only lluiso Dial Tall willun 
llie acne ol ilesliuellou, In menl seiunis miiHulcialinn Tlu* inont iioilliPily of tliesu 
is tin: Mount HI Helena fault ilcscnlxsl l>> OmuouI 1 Tliib ruull has a mirlhwi hlrwiutlusist 
stiike, ami a Lhiow ol not 1 cm Umn 2,(XXI reel It fonus a wcll-maiked ami little- 
degiuiled srmp on the wiulhwesl Mile of tlu* ninimlniii mul (he dale ol Us pniui|ial 
inovoiuenL is willun llie (jiuUnuniy iieruxl 'liu* jniijeeluiii nl lhw laulL Lo liu* lioitii- 
wi-d is mit known, to llic souliieasl it uudniilileillv passes ln'iienlli the Hum of Nniat 
Valley, in Uu* vicinity ol (Mwlitga Nuitliei 1 on (he sloiies nl (lie iiunmUuii nor nl CnliH- 
loga wbh llieio any ovnlenci* of nlnuniiiully high inliiisily, mul (lio ucccHsaiy infeieuce 
is, Llimefoic, lluil time was no nuiveniciiL on llie limit aL (lui lime of tin: eailliquake 

Tlic KulhwesL hmit of llie Ileikek*y Hills, mul tlie exlnmiou or Uu* muiio geninmpliic 
featuie fmlluir south, rmmiiig Uu* mutiiwcsl fiont of the luglier Mouul Hamilton Range, 
is with little question a rmillrsomp, ni nencH of henriM, of Qunteiiiary ilale, now mine 
oi lesb ihsMicloiL mul ilegi ailed The noilhem oxtoiihion of liu* fault-ioim lieyoiul Kmi 
Pablo Hay ih imt known It piolnlily coululiuleil to (he defliiition of liu* western nulo 
of the lulgo between tionmna mul Pelaluuia, liut apimnsilly did not Liaveme the nmldlo 
pmt of Banin, Boca Volley, wnco dm study of that legum by Oninont failml to unreal it. 

This faidtaono is of pctuliBi interest fiom Urn point of viow of Lho piaaont discussion, 
unco it appeals to havo boon tlio scat of disturbance of Urn oarthquako of 1808 At 
that time tho fault-tmro was marked by a ciack at tim auifaco, which was tiocoabla 
foi 20 miloc oi mao along lho bam of tho temp blopc, oltiio lho amount of tho move¬ 
ment win probably quite small The laaoo of lho fault is npprudmatoly parallel to tho 
Son Andreas Rift, and ia 18 miles dwtut from it Aa haa alieady bom suggested, tins 
fault would seem a priori mao susccptibla to the influences which would make fa re¬ 
newed movement than moat other faults of tho icgmn But there is no evidcnco that 
any immanent oocimod upon it Urn intensity showed no abnormal umroaso along 

■£m flit 
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the old Luilt-tioce, and buddings at Bcikeky, founded on lock, plastically on Uio lino 
of tho loult, suffeieil littlo 01 no damage 

Tlie fault which ia so well exposed in the aea-rlitl south ol Fuit Point Li avoids Uio city 
at San Fianoibco m a southoabtcily dnoption foi an unknown distance Along Liu. line 
of its pioboble corn sc, Mi Wood has noted evidence of on wcicnso of inti 11 * 1(3 The 
tault m iIh pinjocLum nawaid piobobly inteiseelti the San Aniliea* fault hcuraUi tlio 
Gull ot tho Faiallonos It ib tluuafmo ixnsible that them wan some blight ihstiibulion 
ol tho movement along tliib intoiseating fault 
The San Biuno faultrseaip, on the pcmnuiia ot San Fi ant 1 * 00 , south ot tho city, ib 
well ill us tinted in Plate 15, and its Btiuclinal lclnliona aio doociibed u a paper by Andrew 
C Lawson on tho Geology of die San FianLbuo Peninsula 1 
Tho l»bO of tho senip 1 * fiom 2 5 to 3 mila> distant fiom the Son Andieas Rdl, and ib 
nenily paialk‘1 to it The tault is in two puts a main tault with a lluow of not less 
than 7,000 fact, which diopa tho Mcfircd (Pliocene) stinta against tho olilei Fiancisoan 
locks, end an auxiliuy fault which (hops a wedge of Erenaiscan stiala botwean the 
maui fault and the mo* ot San Biuno Mountain The town of South San Finucboo r> 
on die lowei slopes of a lochy spin of Son Biuno Mountun, between tlio two faults, 1 e, 
it b on tho dio|it wedge of Fiaocuoan looks In the watm-onluialod nllu\ turn and sands 
ot Ha cod Valley, tho appaienl mlenoity woo high, longing up to IX oT die saolo, I nit 
u South San Fioiiciko, on 100 k foundation, it was notably Iowa, as appau* liom Mi 
Crandall's lepoit The situation ot south Son Fianoiacu, botwean the two faults, is such 
that had a moiomoni oocuiiod on cither, tlio «l«mpi to obuctuias would have been 
accent u ated. But Uie fact u that tho damage was not oo BemntuBimi , uid II 1010 b 
thus no wuiant fm supposing that any local fault movomont occuiiod 
Ono ciroumstonoo which, upon fiiat thought, senna to oonhavono this Mnelimn, 
was the Buddan oulgush of water at ono point at tho haw of die San Biuno soup Tina 
mmaikablo oocuiicnoo ib dcBOiibed m anodioi place, but may be mnufam ind lim n, [01 
the puipcbB of bunging tagethu tho facta bcuing on the question Tim wain issued, 
oh ncu ns can ho dotciminod, at a point on the slopo immediately above Uic faullrtioec 
ot tho auxiliuy laull, u tho undalying hud tods, which aio thcic mantled wiLh an 
uuknown tiunknaob of sand, possibly 50 feet 01 moic The outguoh ol walor ■* uidica- 
tivo of sudden oompiosbion of inoohaient watm-stuialod auul, and does not noccssuily 
imply a movomont an tho docpoi fault Along the lino of tho fault thao uo longi¬ 
tudinal depressions, anil it is suggested that one of tlioso was filled with soiul, nn«l«w 
conditions which did not pmmit of lapid dimnsge, 00 that Uio sand was satuialcd with 
watci, winch woo expelled as the com pi rave wa\o tiavueod Uio locality 
In the logion to die southwest of tho Son Andions Bift in San Mateo ■«*! flnnk i (hui 
Counties thao uc sevcial faults, moot of which uo lcpicrantod on mops Nos 21 and 22 
No evidence of mencmoit hoa boon detected on any of them, altho tho tciutoiy has 
boon ommincd quite claody, not iIoqb then picaancc appoai m any way to havo aficctod 
the disposition of the uoooismal ourvoo They nculv all travelse a countiy oocupiod by 
locky mountuoous slopes, and have consulmablo vuiotion m oiiontokon, altho tho pio- 
' ailing stiiko ib nmthweoteily and southcaateily One fault, howovm, via, the Son 
Giegoiio fault, a oases 2 valleys—BanGiegoiio Valley and Pescadmo Valley—in which 
tho mtensiLy of the shook wna abnormally high The uulcpendaaco of this high appuont 
mteianty to tho fault has been pointed out in anothei pia no 
To the north of Block Mountain, on fho luntheost aide of tho San Andieu Rift, 
a binnoh fault leavea the Rift lino a little south of Poitdla, at an angle of about 25°, 
and is tiuseoblo foi about B milos on the lower northeastern flank of Mb«* Mmintm 
Between this Black Mountain fault ami Ban Audi us Rift dure ib mmln —h a wodga of 
■U B Oonloawl Banap, 15th Abb Report 
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pound in which the shock wai of cvccptional seventy It wna liavcucd by mutinous 
clocks, and thcio aie othn mnniteslaUons of aoulo disLuibanco of Dip pound, os hcL 
fmtli in the moiu dotadcd occLicn of tho lopoil In Hub case it is quilo possiblo and 
even piobnbk 1 tlial Uie movement on Uu mam fnull in the iuie of the Rift wan dibUibuled 
to some rJiglil e\lcnl along Ilia bianch fault It is to bo noted, in Lhu oonneolioii, Uiat to 
tlio aoiilh ol Black Mountain llicio is a flight cinvnliiie m Um oouihp ot Llie mam bull 
to Iho castwmd Tlua cin\atuio would piosnil an pxcepLioiiHl olnLnehi to tlio movo- 
ment of tlio Lwn ciustal blocks, Liu* one on llie utlus, paatlv uipiwho fiieluin, and so 
locally intensify Uio shock It may thus be that the axcopUoiial intensity m llie Black 
Mountain moss, and tho remaniiiont bulpng of Urn wcbPisiiuils on oiLlus aula of tlio fault 
in this Mcimly, u> lefeialilo to Un» uuguliuity in tlio (llano of Uio fault, and UmL tlui 
hianeh fault at Poilnla may be a ineaiia of iriiof fiom Uie axcemvo piewuip locally in- 
ducod by tlie uicgulanty On Uie houlliwest sulo of the Son AiuIiohh Rift, and on tlio 
oUior sulo of llie bulge in Uio lault-linee, n Uio Gnstle Kook fault, Iho alnkn of wliudi 
bianehoa liom Uie main fault an Uio IXifL at an angle or about 20° Alika this fault haa 
not lxcn actually linced into Uie lint 1 or Uio Rift, lliuro eon bo liLlle doubt Uiat it in a 
bianoh fiom Uiat laulUronu and it piobalilybeoia the siuno b trueluralielation to it that 
tlio Black Mountain fault doas, ta, it snvea as a means of lelief 1m Uio excepUonal 
local picsouic due to Uie neoiliy megulaiily in Uio main bull Them is, huwevei, no 
obsci rational ovulence of any movemont having ooouned on Iho (Senile Rock bull on 
Apul 18, alUio it lies willun Uio legion of liulgmg isosoisinals 
In the Mount Ibniillon Range, botwoon Niloe Canyon and Mount JlannlLon, Uieio 
oio many tanlls, but nono of thorn, so bi aa Uio infoiiiiaUon avaiblilc will wariaut a 
conclusion, appeals to have nfloelod m any way Uio diatnliulion of uUmsity Two of 
Umbo, tho Mimioii Peak fault, wluoli is piobably a bianch fiain Uiat on which oraeka 
opened in 1B6R neoi noywanh, and Mission (keek Taull, pnm close to Uio town of Niles 
But Uio nppoient iiitonRily at Niles wna lew Uian on Uie dal alluvial tract to Uio wool, 
and not pcalei than in tlio valley-hind abouL Pleasanton aiul Livrrmoio Lo tboeoal, ami 
this ciraumslanoo amounts lo a inoof that no inovomciiL oecuired on eitlior of Uicho 
bulla A similai conclusion may bo drawn with inference to tho Hunol fault, from Um 
fact Uiat the appueni intensity at Rundl wna somewhat lew Uian at l’bswaivton, olUio 
Iho roimer n neoici tho flunol fault Uian in Uio laltar In Um country lnlwcan tho 
Ibywanla fault and Uio Snnol fault Uieie oro Bcvoiol minor bults, lmt Lhnro la no indlosp 
lion in Iho dull ibulion of mlonnty of movament having oeeuned on any of thorn 
Smiilai blatomonts oio tiuo of Um fault aono oxtending fiom Um vioinlly of Bemeui 
noithwaid on tho weal sulo of tho Bacmmonto Valley 
In the canyon of Pajaio Riva, bolow Cbittonden, Uuuo w an paat^weat fault wliaiohy (he 
Tatiuy locks an Ihe north aide have boon dropt against tho pamtic rooks or tho Gavdaii 
Range an the south This fault ciomoa tho flan Andioan Rift, and ita known oxtonL on 
either ado of Uio Rift a within tho aono of high mlanuty laforablo lo tho movonumt 
of Apnl 18 Thao me horn no Cbpooial foaturca m tho dmtiibulion of appeient Inten¬ 
sity which suggest any movomont an tha fault It is posalblo, howovar, that a Might 
movement took placa an lhu fault, since tho steal btldgo ovm tho Pojaro Rrvar, which 
is about an tho mtaaoetion of tho two faults, was dialondod 8 5 foot botwoen Ita and plcis, 
aa shown m ploto 06 b, m a way that can not be altogothor satisfactorily explainod by tho 
movement on the fault along the Rift Tho dnootum of tho dual displacement of tho 
piers was about midway between the Btrihos of Um two faults 
In the Santa Lucia Range to the southwest of tha Mm— Valley, then am arraml 
faults The principal one runs along the northeast flank of the range on the edge of 
tha Salinas Valley The masons for aaanbmg the high apparent intensity on the floor 
of the Salmas Volley to the diameter of the underlying farmr'Uma, mthar than to any 
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datui banco on this fault, havp ulieady Lem stated Faithei south, a fault tuns paiallcl 
with Liu. bolinas Rim in that pmtian of its oouiac between Templeton and Dove, but 
hme tha appaiont intcnsitv was lawci tliau m tiie valley lands both to the naiLh and 
to tho south 

To Hie Boulhwebt of this n auothsi paialld, but a longei lault, alnug tho southwobt 
skIc ot tho San Ratacl Mountains In the valley lands to the southwest of this, about 
Ban Luis Obnpo, Eilua, Anoyo Gtande, and Santa Mona, the. intensity laeo finrn III 
to IV, but in mow of the accumulation ot evidence sot faith in tho picocduig pages ns 
to tlio uifluoneo cxciuitcd by allmiotod bottoms upon the appaiont intensity, this use 
is moip piobably lotciicd to the chainilei of die pound than to pioxuniLy to thb fault- 
hne South ot Santa Mana is a rrgion at ti&inent seismic distuibanoc, but no sliaip 
shock of a local eailhqunkc was felt tlunc on Apnl 18 

It thus appeals that in the tci litany extending tiom Humboldt County to Ban I a 
Bniboia County, whilo lhme mo about 40 taults known to geologists who have studied 
the legion, thcio is no evidence ot movement on nny of them except in 8 coses One of 
these m a liianch fiom the fnult-aom. of the Son Amlicsb Rill —the Black Mountain 
laull, anothci * a tiansmsc tnult mtoisecting the Hitt m FOjaio t'nnyon, and Ilia 
thud is the tnult wluali tiavu-Ch the city cl Ban Fkancuco and pioholily inlmsects the 
Son Andieas fault beneath the flult of the Faiallonm In thcne ca*s it is pm*iblr, m 
the light ol (he evidence, that eomc portion ot the movement oil the main laull was dis¬ 
til but cd along luteiseeting faults 
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The daln foi llic discussion iff Urn di icc1»hiiim uT piiqiflgiiUuii anil vilnalum nr Ilia eailh- 
waveb h fui Uie inobl pail uusafuJiu liny ami kiuln only lu a cum raUmi til Ihc eum|ilcv- 
ily of (lie geuoial iiiuhlrm or wulli nimimriit Altaib fioni lira mliinsie uiiuplcxily or 
tlm iulqiN. 1 , lime weir two (imililmiis wliiih weie iulvu>ra In llic seeming of exact niKl 
significant inloiiuatiitn llic iiihl ol these was tin* lack of |n»viHiini fin nlitauung nistiu- 
iirantal iccoids of ctulli<]uakc shucks lliiuonl (hlilinma Tlipn* wcic \ny lew vihiiiih 
giaphs installed hi (lit* stale mul sm h ns win in PMsLnife imrml m huge mcasiiic inailu- 
qualc fin llic puipuso fui winch they wcic intended Tin* second iuIvtiht eoiulillini wo* 
Lius houi al which llic chi Uii|iiiiko Itcgiuj At its Ix'gnniiiig liinsl ] tropic wcic asleep, 
mil l llic ntiifusuni 1111 nkiiL lu mu link 1 an awakening wiw nut conducive lu sluup nlivrvar 
tuni llic duel tioulile, lutwrvei, mhcics m llic iiiliunlu anil contused naline of llic 
nulh niuvcnicnl ilscll A Imcf slalcmnil ol Ilia ilifleicnl kiuris of niiivenu'iil involved 
hi the roninuttuin itT Llic eailli may lie al seivice in Llic lonmilaluin ol ilcni iiIchh ol lira 
not mo ul the tOutrk in gciiaal and of Hie (|iichUuii ol tlliecluui in parlicuku. 

[Jbuallv the iuinci|tal movement ol lira giiniml m an caithqiinhc ih viliroluiy Li Lira 
Oaliloinia (SuLhqiuikc lime was, lioweiui, a mnm iiin\emeiil in opposite duooliuin on 
tin 1 two sain of lira Man Amlieas fault This man inoveinenl won, ns has Iracn aliown 
Ity lira wuik or lira Cuast aiul (iemlclio Suivrv, (HsLuliuLeil ovn a wale aone on eilliei 
sule ol lira fault and diminished more in lew pegnlwly wllh ilislancc rutm ll. Tho iuovcv- 
nraiil was not vilnoLttiy except lu n very liniilnd extent, Itul ib gnvn unc lo Lira ihsplace- 
menl or objects on lira suifoce qiiilc sinulai In Dial anuind lay Ihn vilimlmy iiimcmcnL 

Thua, in alloinplmg lo deduro lira ducoliuns of [iroiiapLlKin and vilnalum of Uie aailh- 
wavea fiom lira phenomena ol diHplarcd ubjeola 01 persons, ii w neeiHsoiy In dwmiinl- 
nalo bat ween lira clfcols due In Lhomass movcinenl and lira buo vibiation of lira (pound 
Bui this disci limitation u only passible lo a voiy luiulcd exleiil, (tartly bccauae lira 
bmileib of lho jura wilhui which lho rum uioveuiant caimcd lho displacement of objeolB 
anti poisons ora unknown, and pailly because lho two luiuls of movement overiapb, oon- 
apiung to ptoducc a single olTcol 

When we oomc to oanxnlci lho eailh-wavw genoialeil Ity the movcinenl on lho foul l, 
piobably as an cITool of fnotion, tl muht be at anco appaienl that tbesa wovoh cmanalad 
horn innunraiaUe poinls an a (done, one dunenaian of which is about 270 nulcn and tho 
othoi piobobly 20 mika ci mote On this piano, if wo judge ftoin tho couice of tho 
fault-liaoc, thine wmc al cm lam places inequalities which offmod axocplimial rcautanco 
to movemont, and at than lho joi wbm exceptionally heavy and dominated the yibrotiona 
omaaating horn poitions of ham movement Fiom all paits of tho fault-piano, thero- 
foto, waves of vairaus amplitudes wcio piopagalal in all duoctiana, and thmr paths 
mtmaccted The coDacquenb mlcrfmcnec would in pail make for noutaaliaatiafi and 
in pait fm mtODBifiealion of the mhiatmy movement It is thua evident that tho afTcota 
pi oduced by the omeigance of thcae waves at tho aui face, or by tho propagation of those 
nm minting ftom the mme superficial pmlMDB of tho fault along tho am face, could bo 
systematically disposed only if the following conditions obtained. 

Ml 
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1 That the fault-piano woiu umfmmly even 01 systematically uneven 

2 That the lock affected both by the luptuie and by' the vibiations note homo- 

grneoiib thiuout 

3 And tliat the abes* which gavo iue to the mphue wuc umfuiin foi Uie entue 

extent of the fault 

It b fauly contain tliat nono or these conditions actually did obtain, and we migjht, 
theicfoio, pi edict that the disposition at the rUoct* of the duck, and paiUculaily ot 
the hcavici poitiome or the bhock, from wiuch dncctionb might bo infeiied, would bo 
uiagulni, tho distubutiun of tho intensity m the aggregate might bo fnuly ayimnrtiiaal 

This conduaiou has been loaoheil on the taut assumption that thcio is but ona kind of 
eaitbwave ci vitnaimy movement But it ia highly piobable on thcoirtical giounds, 
and the thcoiy is eupportcil by expoiiuicnt, tliat the vibiatian of the ceitli genaiatcd 
at the fault usolvce itsdt into two quite distinct waves havrng quito iliflciunt talcs of 
piopagaiion end dnoction of Vila alum One of thorn ia the longitudinal wnvo, so called 
bucuiao tlie vibialiona eie pat olid to Ihr ducctian of piopagatian, and the othci is tlio 
lionaimsc wave m wluoh the vibiaUcnc aie noimol to the ducctian al inopegalion 
The iate ot piopagatian of the longitudinal waves in highly elastic iocka is ncuily iloublo 
that of the tiansvaiso waves It will thus ho evident that at any locality within the 
sane ot distui banco an object may be shaken a displaced by the cmeigpncc of tho longi¬ 
tudinal wave at that poml, and that the movement due to tho cmcigcnoo or the bonaveiso 
wnie may bo sup* imposed upon this citliei bcfoic a aflci it has cumc to usl Tire 
icaullanl died will be oecoulmg^y diffioull to lnlcipicl as to Uir dneclion ol tlie Yibio- 
tian foi LHthin wave When, howevta, tlio locality m question is aufhcienlly fai innovvd 
fiom tho fault, tho interval between the einoignico of tho two waves may bo buflicicntly 
long to pcimil of tho effoot of the flisl being noted bcfoie that of the ooooml u aupar- 
lmposcd 

In tho ooae of the California earthquake, the movement of the gioirnd was oompli- 
aated by the fact that bath longitudinal and tiansviisc waves woio piopegaled in dner- 
tuniB ncnily paialloL to tho suifaoc from the supafieial poitian of tlio fault, aiul Uicm 
foi many miles out fiom the fault might bo cxpaclcd to give use to nuivcmonts discoid- 
ant with those duo to tho aiiival of similni waves fiom tho dec pm poitions of tho fault 
It would thus seem, fiom tho oauadmaitiana thus far pi mental, that regularity in Ihc 
disposition of the elloals of the shock upon which a judgment as to the ducclion ol Hie 
vikolian might bo baaed, was about the last thing to be expected In olhoi winds, it 
would scorn, on a priori gi omuls, to bo a hopdm task to plot upon a mop of California 
the duactian of piopagntion and vibiation of the earth-waves Tho hqxdcssnasa of 
the teak is mtenuflod when certain othci oanndcialions oio taken into nocouiit Fa 
example, thme were scoondaiy dunt auifaco-wavcs of low spoal end high amplitude 
ofaemved m many puts of California, which ue quite difleiont fiom the hi^i-vdocity 
waves thus far discust Thcao undoubtedly hod an impoitant effect u Uio dwplacamanL 
of objects and pm sons, and bo influcnood judgmeuls as to the direction of movomont 
Similuly on tho alluvial bottoms of tho inraib the giound fetched consistently towoid 
tho abeam trench, whatevm tho anontaLion of tlio lattei might bo, end the phrmnmnn 
at isuig fiom such movement gpvc i iso to judgments oa to the directum of the oorth-wavea 
which were of course eiianeoua 

Added to all this was tire guieial foot that thaao who oontnbutcd reports fiom various 
puta of tire state to tire general account of the eaithquake m many oobu 
judgment oa to the duet turn of the shock upon tho ibspfeccmml of poitiona of stiuctuies, 
such oa chimneys, oi of objects within buddings Thu llwi of cvhlcnao waa in most 
eases unb ustwoi thy, and could lead to reliable oonctesianb only when treated ci it! colly 
ami atabstically bo as to obtain a gencial leault Even tho displacement of hmhim fli 
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Uicmselwb was no eiitcnon ot Hip illinium or vibintion of the gtnutul orvcofit when 
these mini upon iimrcii m fountlalunis lUuliliiif^i ujmn |miiii I3 binml iimUipiimmir, 
auih ns me imimion in ('uliluinin, 1 ull.ii*soil ui cuiwqupiiic or Ihc s\ia\mn, but the 
diicclmn ol Uie liniunulul clcmcul 111 Hu I'ldlaiisi* wns iiiiiie oftisi dcli'iiiuniil hr llu. 
naliiic or the siiiu.11110 Hum l>\ tin iluiiiiiiniil mmomriil of (lie giotiuil hi on hi ienu*- 
leiies llu* ihiiUiini ol nicilhmw ut -imiilv shiiris, ciii'iilni 111 si pun i* 111 i iiisn-s<*< lum, 
fiuleil to indicalu the iluiiliim ol llie ilniniiuuil iiioiriuoul, suipp mlhm 1 smull laihus 
they Irll to all pmnls ol the niui]i.i-s The malicnluin of the mm lc ues mils Hint the 
iiuiicmeiiL of the gimind mis 1113 iumplrx, the shafts wise stalled binning iiikiii then 
pedestals, anil the diicUum of 1111*11 lull was fm the must jmiiL ueenlenlal, us Hu* im kuig 
ineienseil in \mlencc line lo Liu* luriiniiiluliiig impulse Tirnliil s|iiiis|u>idl), houcwi, 
tills laigci eeniilpiies alloiikil some iiiilunluni ns Ui llii* ihicclimi of tile iliuiimiuiL nun v~ 
menl ol the gintnul 

In \iew of wliol lius lxi*u wml, it mil nut In* suipiisiiig Hint Liu* elliiiL to inleipiet llie 
lepuiLs hum vaiunis jiurls nf llu* stnli ii*gniiliug llie ihn*elum of iiiincmeul of Hu* giomul 
lins lx ru unsurecsslul Tin* ii|mh 1 s wen* 11119411*1 ill (imliiulieloi^ foi llu* saint* lucidity 
wheiiCMH Uu'ie wen* two m iiiuie iiiile|x*iuU‘iil iilrs.'iien II was nidcnl Unit most 
nf llu* 1 epuils wen* lu-eil on iMileiue ui llu* iiioienu ut ol llie gininiil which luul no -ig- 
lufuiince 111 isailnLiil insiaiiccs, .mil 11 gems id cnlit ill unew 11I the e\ uleneo wns allempleil 
unit hr a lew iili-eni is II «ns also e\nh ut Hut 111 ninny tiw*s the eflerls of one iimve- 
meiiL luul nninesL one olHeiiui, while llie eflecls ol iiiliiriienl iiuiiciiifiil hnil nllmnleil 
the nllinlum of niiolhei fu llu*sp ea*-i*s llu* emiliadiclum was mine H|i]mieiil Llinti 
ii*nl, hut Llieie wasgents ally iloiihl ns to llu einieelness ul IkiIIi Kien when llu* icpotls 
wi ie in ileetlv silisrneLoij usmils ol Inrls, the lutlei 111 many coxes peiniHlpil of no mfc 
mrcienci* ns Lo diuclum ol iiiiireuunl except that llieio wcio bcieial liimcnieuh in 
buveial diiccLirms, niul LliaL llu* sequence nf these eoulil not bo cloleiinlneil 

The following lepoit finin 10 0 SLill of Ijiveiuuiie is a good example or an excellent 
aocounl of the impellent Incls hiaiing on the i|uusluin ol directions 

The Hail war (‘nmiwnv's 1 ng 2li,()fl(>-giilliiii w 11I1 r-l nuk foil to l he 11011 Imioi 1 licuil Vonrii- 
slonos ui one giuvernid loll 111 iiinnr iliiectioux I .mum hwuug in an oval, extending uhout 
nisi nml west TIu* mol mu seemed In bhuko nir bed 11011I1 mid noulh nl fusl, l lieu in a 
cmulni inniimi, then sulew 113 s uud in ovcir dneoLuin Wnlei iipilL from full lank*, monlly 
on oust and wosl bulls 

Thcio is a suggestion here or two dominant moveiiinils — a noithorly and wuLlunly, 
and an eastcily and wisteily, the loinus liclng llio collier Out Ah. Crandall, lor tlio 
same ti Hilary, 1 cpuils that the grncial diicclian of nuillan, basod on Uio olmvcd "pill¬ 
ing ol liquids anil swaying of suspended objects, was noitliwest anil southeast. Tn 
most cases tlio leptii is consist ut a statement ol opinion as to the dueoliun of inurement, 
without the facta upon which the opinion is baaed 
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BI K M or THE EARTHQUAKE OH HOUSES IV SAJI XATEO AVD BURUVOAIB 
Bi Ho mi nr Ammjmo* 

Immediately tallowing tlie earthquake ot Apiii 18,1000, a detailed study mas made 
by the wiitu 1 ol ovei 1,000 houses m baa Mateo County Tins wuih vas earned an 
uiulet tlie dncolion of Di .T C Biannci, of Stantoid Univmsity Tho houses examined 
included all tliuso in tlio town of San Mateo and an the lulls west of it m Uuilragame and 
Sun Mateo Heights, as wdl as many u Homestead, Belmont, San Cailos, oiul Rodwooil 
City Examination was mnih at all details that oauhl paRbibly gne a due to the tliai- 
actci ot the cnitliquoko shock, and ita ettuots upon movable things 

San Mateo is a nulo west ol Hen Fi ancisco Boy, and about 3 nnles ngilhoast of tlio 
San Audi can loult along which the eaithqualce hail ita oiigin All the liouees included 
in this investigation lie lxtwccn 1 mile and 4 miles in a northeast dnaction away fiom 
the nearest points along tho fnult A i angc ol hills irom 500 to 700 fed high lies between 
the laull ami the valley boidciing tlio bay whnie San Matoo end Redwood City aio situ¬ 
ated Tho houses examined at Buihngune ami Son Mateo Heights stand on the noilb- 
cast flank of this lango of foot-lulls It was hoped that the duoctians of tlie slicalH 
ot thin Mateo, paiallcl and at Light angles to Ilia fhult, would tluowsoino light upon the 
ldatians ot location to tlie ocnloi of dibtuibenee 

aniruirA 

The tallowing clneses of evidence ueio examined, with especial icgaid to Lhc diitc- 
tum end lolaUve foioe of the -Jiock 

1. Tho wiockage of buck, alone, and wooden buildings, the pm Ling of wells, end 
displacement of poite 

3 Tho mocking of foundations and tho movement of houses on thorn 

8 Tlio ciaoking, mumbling, shifting, felling, jumping, and twisting of lnuk oliiiiincys 
abos'o and bdaw loots, as well as or cement, touareolta, and othoi ohimncys 

4 Tlie etaching and falling of pla&tci and coatings ot oemant on tho uitoiioi and 

exluioi of building* 

5. The eliding, falling, and jumping of dishes, lamps, huo-Unao, pictures, boohs, 
potted plants, and all such loom articles 

0. Tho dulmg, tipping, jumping, end tin mug of finuituie, such aa buicnus, tallies, 
bookcasee, beds, pianos, stoves, sales, meohmeiy, and oil olhm laigo mov- 
shlo ailiolos 

7 The falling, dulmg, twisting, and lumpmg of tanka, towns, potbhes, piRum, 

unduipiimmgs, gotc-pasts, montdpipccs, demoks, etc 

8 The In caking ami ollxoUing of pipu, handing of halts, shiftuig of slovo-plpa, 

bulging ot windows with leal seams, and the mixing and lowrung of ■Iwlmg 
windows 

9 The hlultuig ot looso piles or luinhei, stove, and ooid wood, and vaiious matciinls, 

ami tlio sliding ot si tides on lougjh and smooth mifnara 

10 The swinjpug of hanging articles, pictmes, lamps, pendulums, etc 

11 Tho bleak mg of wire canncctions, such as telephone, tdcgiaph, end li ght wnoc 

12 Tho lemsmmg in position of ai tides at libcity to fall m catam hmited duoctians 

18 The paitrng of giound at base of tdogiauh pdcs and machine of mound dsowhmo. 

14 The spilling and splashing of liquids 

15 Tho fadings, expuiences, and testimony of people 

Thu papal gives only the genual residta ot all the data, the moio impoitant facta 
alone bung tabulated 

„ * Valuable aid vraa iacu\ed Horn P C Rdvnda, A L Hob, and A T Tioart, itudanti of Stanford 
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DVIlVflIFi 

The <$0.1* upon biirL and '■tune buildinq* —TIic irgmn imoml hai only about 
25 building! ot buck and stone Tn most iiws, Hr* iluuinge iluni* to tlusu sliuctuicn 
wai tui moio uvcio than to tliosc ol wood Usually a coiisuleiablo |nul ill suino of tlio 
walls ciuinliliwl awuy, while Ilk icsl win* loll standing willi huge mid hiuall lint ha in 
them The to|is of nails below tlio looru usuhIIv Milliiul uirnl, while Iuiph ol nndncvi 
in walk, caused by the 1 piescnre of windows, uulies, niul olliei apis lilies, gnvo way lo 
masking inoio lcadilv tlian olliei jails A lew line k buildings weie Intally diwnluJicd, 
bb in the easo of tlio long, luuk, inilionil wiuehmin* at San Mateo (hut* pinto DN\) 
Tho wliolo cental of tlio picLuie tn the light ami loll ol Lliu Inwn was oocuined by tlio 
building, of which only tin 1 Inundation loiiuuns 
Home buck biuUlings, stoutly canslaurled in wedged in on Iiusiiksh lilnrks among 
bliualuics Hint ooLod as roniuiou sujipoils, willihtnoil lhe cnithiLiuikc well, nllliu somo 
poition was alinoBt invoiialily damaged 'Jlie tiiaugiilui gidile mils ill luirk lmildmgp 
■uicly loinauicil in place Hie nnrkuig in Inn k sluielmis seldom just Him the Inick 
themselves, but usually look iilnco along lines ol cenusilmg Hm veiy few slono build¬ 
ings ni Ilia vicinity ot ban Mateo woie almost sluiken lo pierca 
Wooden bv\ldmq* —In geiieml, wooden Htmctuies sullcrcd iiinili li-n f-eveiuly than 
tlioso of buck 01 alone, tho the dioek won loll ]iwt as heavily ai tlieiu ami tlio fliuimgr 
lo loose ailules wu just ns gieal The liuilding^ least damaged wise small wooden 
houses, wliioh waio piacluolly pruof agiunsL tlio enilliqunke 
Foundations —Hie aflcuL of tlio eaillic[uake on loundaLiniis wiw ol great iiiipiiilaneo, 
foi the foundations weio lcsponsiblo lor much of tlio damogn In ii]ipri inuIh ol Iniibluigu 
With lofcieneo to this poml, tlio biulduigs liavo been divuled into d groups — LIum 
having foundations of wood, of oancielc, 01 of buck Wooden Inundations no or varlouu 
lands, and tho gioup moludiM oil houses restuig diiacU) on tho giound, m an wooden 
■ills or wooden underpinning, oven If tlui laltei an Huppoilcd mi Illicit pirns, it aka 
moludea all othoi buildings not having foundations of hold inatenohi, aucli as conorcLo, 
buck, m slono 

Tlio foundaUana woio mainlined Tor ovidenem of movements in vaiioua diieotuma, 
and foi tlio puipou of learning tlio lolatlvo amounla of eraoking to wluah oaoli was sub¬ 
jected Tho aoeom ponying toblo givos tho lcsulta. 


Nwmb* qfhmum namuud, wtk manta- qftmum motel, and Hunts’ qf/bunlaiuiu cntLai 
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Tho total number of houses falling into those groups is 842. Of thou 28 poi oant 
moved on their foundations. La most oases the movsnent was not so giest bb to noooo- 
ntato tho returning of tho house to its oiigmol p"* 1 ** 1 ” 1 , but this hod often to be done, 
Bines many houses were lendaed "ntuMi* Tho duSn— moved vorlod from leu than 
0 25 uuh to BBveml mehas, and m essas of special eeraity ho u s e s wen thrown a foot or 
man off then iind«ipm«mp or foundations. Thoso an wooden foundations movod 
the least —17 per oant m a total of 887 Buoh houses Thoro waro 225 hoiuos on ooneroto 
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loundatious anil 230 on foundations of buck, and in each case 20 pn cent mo\cd Out 
of tlw total ol 456 conmete anil buck fuunilaliunb, 32 i«i cent worn clocked, as iollavra 
23 pm cent ot tlic conciete foundations wue clocked, while 41 pu cent ol tlie bnok 
foundations vrcie ciuckul Noi (loan this ptopoiliun full> lepicsint tlic fncla, foi it 
was only in laic oasis that ilia masking ol Uie concietc was of much un pull mice, while, 
on tho othci hand, Uio damage to the buck foundations was often sufficient to mulangci 
the ktabihty ut Uie liouso The wooden loundatious wwo lately damaged In eases ulune 
houbes hail Cbpeoially heavy loundatious, the damage was noticeably slighla Heavy 
ooncicte foundations icnUeicd stuiLtunis almost immune to tho shoek Not many 
heavy eeneicUi brnlgoa, toi instance, wme haimcd In u stole that icsls on Uio massive 
ooacietu toundation ot a Lndgc classing Uie cicek m San Mateo, absolutely nuUimg 
was distuibcd, nltlio the building ovmhung the meek about 7 feet None ol Lho many 
loom aitulcs on tho bhdvus toll, ami a high top-heavy machine stood peifoctly 
The tailing of buok chimncyb suggests tho possible induonco of tho loundalaonb upon 
these stiuctuiLs Ol all tlw dummy b on houses having wood foundations, 01 pci cent 
lcD, ol those on Iioumob with tonoielo Loundatiuns, 81 pm cent full, of lliobu ou houses 
with buck tniimlatianb, 88 pm cent tell A liuui ielation ib gnen by taking inoiely 
these an the flat land at Son Maleo and Redwood City, wheio the cases nio sluctly coin- 
paiablu Ot tlieso tho piopoitions m the same ouloi aio 03 pui cent, 08 pci unit, aud 
00 pei cent The disadvantage of buck foundations is luilhoi otlLslol by Uie giealei 
danioga to plaslei in liouues built mi them 
Buck ehimncya —In the logion studied, Uio Lops ol 88 pci cent ol all tho Inu k iIuiih 
nays fell at the tuno ol the oaiUiqiuike. This piopoition is lot tho whole legion Tlic 
vaiying piopoituuib in tlie dillcient looilitus ate shown m Uio lollowmg tablo 

Mb abaniif lii niM&ri qfbuL dumaej/a nnunf, mlh fa enf ulidb fill, Jiam how** cm 
■a itnajmuuhhm 


_ In iiiniir nimuMiuiu 

Su Una Hr moon Cirr IIomimlib ui va tka IIiru. lurvb 

Uuw llibm 

“ jl> niiiii f f 


Wood 

JR0 

257 

04 

65 

01 

11 

10 

11 

410 

270 

01 

(Jbnuato 

1S7 

105 

0 

a 

a 

a 

05 

u 

001 

211 

81 

Biiak 

IN 

212 

10 

0 

27 

21 

no 

08 

401 

262 

28 

Tblnl 

721 

001 

83 


81 

71 

210 

104 

1007 

MX) 

80 


Bondi* the rolling ot tho tops, a huge inopoilion ol Uie chimneys tliaf Miflraod Uus 
lous, as wi 11 as a gicat many that ilirl not, wme injuied oi ciorked at lho basu oi sonio- 
whmo within the house Economically, Uie damage below the loof is the most nonous, 
as it is difficult to remedy ami is a munacc to the mloly ol tho building Some chimneys 
ciumlilud away mitnely This happened most tiequcntly to thnw built on the outside 
ot tho house, in which ease they usually foil away horn tho house, doing little hnini 
Thu. may bo consklmcd a point in fasar of cxtcnoi flues, inasmuch as tlic wlockage to 
housoa due to tho chimneyn tollmg thiiiugh the loofs, as woll aa the difficullv ol lopaning 
intend flues, is avoided On the athm hand, the nnsuppoi ted extcuoi ehimneys thow 
a gieatei tendonoy to fall Aah-ho\ 0 b at the liases ot chimneys weakened them at 
Uimo puts, and made thorn mme liable to injuiy Only 12 pm cent of the lope of the 
bnok chimneys lemoinod standing, tlie lessons tin then standing being gonmally found 
in the constitution ot the chimneys Ihmubdvis The use of cement and limn instead 
of simply limo moitar, accounts loi tlie standing of many, ■Mimigh the use ol wnunt 
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did not alwajs msuio tlion safely Many lliaL xluod wise found mil In In I mill up limn 
llic gioiiiiil, 1 ml lo lest oii hlu'li 11 smiUMvIu'ii willuu (lie house 1 Tliih mi LIiihI ol build¬ 
ing hci'mcd lo pcacnc llu iliiiiuu 1 } ml ml in Hit nuiniily <»1 i.ws A leu c lmiiiM i ys 
0«C llu .11 plIMMiallOU lo UlCMl low, siilul sllllllllll 1 111 HIM 1 llu* 11 Mil, llllUly (llll Hill bill 
because tiny will 1 well-bineml, i>i(Iii i i liv licing uu Instil in .1 wikmIcii i .Mug 01 u cunling 
ol cement, 01 by being lulil bj non toils iIiuiiihiI min llu buck A sinking example 
of the Hilinulnge ol an non iin! .is Hippciil. mis llril ol i i-slm v Iuhim 1 hi Hun MhLco 
T his lioiisp lnul a luuk luiuuLilioii .uni .1 sleiulei chimney II leel high, supimiLcd by an 
non tod The ilnniiu'y stood peili elly 

A gieal manv chimneys that sIimn! well a ilmvc the iiniI weie Imilly iLuuugcd al Lite 
biibc cn williui llu 1 liuuse, niul iiumy weie 1 lurked uInivc llu* iimiI mid shilled a slunl 
ilistanci 1 luniMulally The use ol (iineiil 111 llu 1 nun Liu saved (lie chimneys m some 
instances, but a eoiuinnii ullicl ol die shock on iliinnieys so buill whs in ir.uk Hum 
siinicwlicio aiul niuko llieui I ill 111 oih 1 puw Xu lliih way solid massis ol gienl wcighL 
wi'ic hoinclinirh pitched uu lo riHilh niul olhci (mils ol lnulihug i i l and (lu 1 result wua 
iiiulIi giealci duinugc to Uu 1 lumsi llum wss cniised l>y 1 lmiincvs lnul! with liuu 1 11101 Liu. 
(Illume Yh lnul with liuu 1 uioil.u gcucinllv bloke 111 niuiiy (inns 01 I ell as Iinho lincka. 
The use of cement below llu 1 iiniI was ii|)|HiieulIy lulplul, as the elucl dHiigei Ui tlml 
(mil ol llu . 1 chummy is fiom rnuking inllu 1 ! llinii limn lulling, mid Llu 1 mmsil is much 
less Hpl lo ma&k lluui the liuu) The use or lmu 1 inuiLui alum 1 dui icniI is liulLei, unless 
Die chimney b Lo be )m\cd mul Imurd 'Jlie eoiisLiueliou ol Ixivcs anauul chuiuicy 
toils, and die Inuring with 11011 iihIs, ,uo two simple iuuI eduienl pi event lies Lo U10 
lolling of chimneys ol wliirli coiii(HUuli\elv low luivu nuulc um* 

Chimncyi atka llum bwk — Miuiy ol llu 1 suuill luiiist s of Han MiiLrti Cuunly use 1 Lei iar 
cot la thimbles cn clunuiey jails, ui plan 1 ol biu>k rhiniuryH Their cllirieiiey agniiisl 
oni lliciuakes is conclusively shown by llu 1 loci that 11 Inrgu pio|imluni of llieui sLouil 
unluuL, men when buill 111 hevenU ms lions Wrnin ‘KJ lo f )5 ]k>i nsil of Ihiwc rhuiincys 
pasl Uuougli die dulhqunke willumt liiuiii llalviuiMcd-iiim pl(ies, hiuI hlova pi|nn 
used as chimneys, wise likuwiM 1 uiihiirl 111 nunl chs»n The rew clmuiu'vs UuiL weio 
Inull cnliiely ol eonnele pinved (o lx* much Hlmugis than Uiose ol Imck 

Plashi —Li almost nil houses with plaslcinl walls, llio plustei was enu ki*d nuno 01 
lev. scsviusly ai lnokni oil 111 shoe Is The plnslcs or Hluecci on Uui cuitsule ol Ihiusos 
wuslndly dunmgeil hi iheinajoiilyol llio Iujiimh, wmieof llm wiilLc - iMuilly mil nil — 
weie sennicil with huulII narks which ran 111 nveiy chiwluni niul lierimnlly 111 him 
(mallei with llie lallis In olhci ease*. Uui ciarka weie wulc mul lliu whIIs were 111 huge 
jiai l hud hmc 

Tin* hcronil lalile on |ingc .'Mil gucw llu* slid ulus ic guiding Ihe crocking ol die plnslci 
The hisl rolunui uirhiiliN llu* cases 111 which die plaster was iilninsi unluiil 111 only 
slightly n hi kill Mcrt. ol Hum 1 biiilibngs dul mil ]m|iuni lcplaslrrmg The uecoiul 
and lluui ginu(is include 1 llu 1 hinlduifpc moie Msionsly claniiigtwl licplaslciiug was 
noocsaniy 111 the sreoiul niul Hind gmu|is TI10 plnsLcs on llie ceilings ol luiibes lvos 
much less altcclnl Uuui (hat 011 Hie sale walls, and 111 die uinjoiily ol ciimi was unionL 
In 2 -stoiy houses die plaslei was iaiclj dauinged as Hcvuiely 011 tlu> Ksniul flnui as 
on the hist flooi, mul 111 wooden lunises ol Lluce sLories iL was often olbcivcd dial tho 
ploalci on the Lhud flooi was uiiiniuird Tins lestiuilion of Urn clmnnge lo Lhu giound 
flooi may be due to llm Incnking ol die plailei by sliniL, hliarp movomonla nem Lho 
giound, which weie Limislalcd aluive 111(0 die hwnymg ol die eulnc upper sloiy TliaL 
the plasLci dul not mack much on ccilingH was jnohaldy dm 1 lo tlio fart that Lho codings 
(ancl the flooib above) wme not subjected to so much sham lieeauno they moved an one 
piece Thick ooalmgs and vaiieLies of hmcl plasLai Beam to havo been Ices Aunagivi 
Now plastai not yet diy was not aftcctod in lho fow cooca olnoivod 
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Dithe*, eta — Theio wue Tew houocs in which borne thing did nut move 01 foil a notice¬ 
able distance, and yet lew in which rvciythmg moved m tell Theie no* liUlo icgulaiily, 
even in tho same house, in the amount, ot movement of loom objocts Innumsiablc 
uisLanen of Boenungly capncious venation. could he cited Tho caiLhqueke 1 (Milled 
in bcvcic damage to lncakobles and heaiy tab ol dishes and lniLrA-biao \ppio\imals 
flguics as to Lho amount of ouch damage aio given m the table on page 305 In liousos 
whom only a tew disliob toll the damage wab oonsuluicd ehglit Those taing about 
half ot the lnaakablos aie shown in tho second columii, anil all of the moio sovoio oases 
aio placed in ooluinii 8 Tho pamcnliagoB aio at bat only eppia&imate In Lho \ alley 
about 40 poi cent ot tlm Iioimb tat -slightly, aud 40 pci cent tat hoavdy, the loss in 
the lemaming 20 poi cent being mtcimediate On the hills 74 joi cent of the hounos 
loot but little, and even in otbci comb tholoas waa not gieot Many dishes weio savod 
by laiscd boidois on slielvcb on whioh they waa standing It olten happened that loom 
ni Lit In tell itom the lovrai shelves in pantne% ole, and lemained on tlm topmost ones 
Wimltma —It is an intmcstmg fact that out of a total of thmiirnHw of windows in 
Lite aiea coveicd by tills investigation, only a few weie biokcn Leaving out ot account 
tho windows of homes that worn thiown down, the total numboi Inoken by tho disking 
oi enmpirwon ol lho walls, oi in ollim ways dncetly due to the shock, was piobnbly 
not gieala then 40 In eevsial nuibenes only a few pawn wme bioLen in many glais- 
co\oied hotrhouMS The same geneial fad holds bus ovoi the whole of tho Sen Fian- 
cibco Peninsula, end in othei legions eftected by the eaithquake that wcie visited by 
Lhe wntei Hie majoiil) ot tho windows that wme hioken wme in buck buildings 
That tho windows weio eubjccled to peat eLiemeb is shown by the foot that many of 
thorn made of puts joined by load bulged considerably, and many wen thiown upwnid 
with sufficient toioc to bieak then locks In about 20 pm cent of tho oemb whole win¬ 
dow* wen isaed in this way tho glass wee bioken 
A icbufani type q f abucture —The data ooUeeted in this jpgion eppeu to show that 
a bouse, to withstand an earthquake, should be oonshueted about ne follows Tho build¬ 
ing should be of wood, and a wooden sill should he boiled to a dcep-leul oonciolo founder 
turn, tho top of winch should bo but little above the level of the pound It qImuM bo 
ceiled with wood within Uhelvos ioi dishes should ho elosed ui with doois, or should 
at least have eliipi along the front cdpw Thr chimneys should he laid wiLli cement 
nunlei uul boxed bum a foot oi two below tho loot to the top, and lho puts above 
the loof should bo bated with non lods The lowei the sU nature tho Ions sliain it will 
be subjected to Such a building would bo practically piool against euthqunket having 
an in tensity below X ot the Roesi-Foiel scale 1 

TIIIj liumcn AND niUKTION OP 1I0\rHUNT 
Kinds af movement* — The aback of the oaitliquako wee heavy enough to cause «lmnnfc 
evcij lluug to move bomowhat, end hoary objects wme displaced as olten as lighter ones 
Theie wme many eases ot inoonauftoncy in the movements, such as Urn dihplaccment 
of hoavy utides like piano* and btovm, whcie fiail cups m vases lemuncd in ploca, 
or Mich hi the diftcicncc in motion oxhibited by ai tides btaiulmg side by aulo In 
many came chimneys weio thiown a distance of 0,10,15, and even 20 foot, a vaao was 
thiown 6 feat, an acooidion 4 feet, milk 8 test Hanpng things were tot in "infamy 
liquids wme spill, and loom artidee tipt over 
TJpwud movemente in many different pieces were attested by the foot that ■luting 
windows wme lavod seveiat inohse with such fame se to beak the non !■*■»««■ that 
held them down Possibly these windows were jerked up by Aim weights, which 
would harm been thrown down with fame had the houses boon subjected to sharp vmto- 

1 Stool hum and reCnforcsid loncrete stmetam ne also of couno —»■—■«** »—n ,.inM —fat 
pai thqnoka ihoeka of high intonoity A O L 1 
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cal movements In Punro Pollution hki's luiutc, which hliuuls mi Lira lulls al un nlliliulo 
oT about 500 fact, a inilo Uoin Hie liuiIL-Iiiu*, ull Lira windows -um JO in uiiiula'i— 
WHO BO llllscd II M IX'llUVCll Hut .ill 111 llui wuuluws 111 Lllls Wise Will 1 III lllC kind Him 
mo balanced by weights hanging willmi lira liiimu In huiiiy plneeh on low lniul lho samu 
llung oucuunl In mra ease a lathy's col puuiied up .uul down, liienkiiig ih cnsLoi'i 

Bodies In iiuontlv iissuuied positions kuiIi ns would linvu Iraeu uii]nu(ii1 by iwislmg 
iiiovenionls Tins whs Um in the* nisi 1 ol liuny housus, Lullols, lulirlcH ill IniiiiLuic, 
hanging pu Inn*., anil iliumrays Hn 1 npiuucul Iwisis wise lxilh m lira ikmIivo uiul lira 
iragnUvo dueuliun, and vniud lioiii a low <lrgt(K»« (o ISO iIoriooh In lira opinion of 
lira wiitci, well iNisiiiiNis woie (ho lchiill ol n eouiplu nluiu ol uuiwiiraiilH liillrai llran ol 
a Lwibling uioliuii lira iwisloil ikisiIkiu ol luiiiiluio was ofLi'ii nhOiilMililo In lira lolling 
of lira casluia Italics, sown, olo, could easily olmngn Llrair oirauUiliou, especially 
if lliey woio lapl up, os was fru{uruLly ilinu 1 Uul llui mujoiilyol iuIhIch win* aaiisud 
to hliifl tlrair position lioiiioulally, m oira 01 nunc cluaal lines A lxugo nuiulicr of houses 
did an Hrau louiulalraiis, dishes uiul lauikb did oU llran hIicIyts, oiul but few Uungu 
foilud to cluuigo position 

Movement qfhouiM —Oira oT Lira piiuci|wl objects of Uiih mvesliguliiiu was to foul 
oul in whal diiaclion lioubCb moml on limn fouiubilions DaLa worn gnllraml concern¬ 
ing 812 wood, uonoiolu, ami linok foundiilioiw iu rugiud Lo which il aouhl be learned 
wtielhoi or iral movomeul of lira Mipcislnitluie liacl lafcoii plaoo Of llua nunibui 100, 
oi 23 poi eonl, gavo clear cvulcuue ol niovoiumL In uadi case Ura dneoLion and du- 
Laiwo wcio labulalml Tlra dnecliaiiH aio given in lira following Lablo Tlw dialoncoa 
ore given in lira hid lablo on pago 8b5. 


IUb alcifuir rfinetiMi oj mommch/c t\f Aokmi on lAeir fmndalionc (Mai mbr t\f ■twrilwin, 1BU) 
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The nin|unly of houses llui shifted moved MuLliwrsl ami noiLhwrst, or combinations 
of Uiobo durations Tlic west inovemonlB loliulaUxl in [naolioally every caw were a 
combination of movement ol the haute ova Ura edge of Uu foundation lo Ura norlhweat 
and southwest equal distances, so that the ofTooL wn Ura aamo aa fiom a single movo- 
mant west It was not known whether thao had boon a amglo shift weal, or two at 
light angles southwoat and nmthwoat The author Indmaa to the belief that thao 
woie two main movomonta causing houses to shift aouthwnt and naUiweal, lather than 
one u an oast and west lino, inaamuoh aa bo many of Ura movwnonta wuo amply aouth- 
west oi noithwoat, a nol dnootly stoat The movomonta labulatod In the aoutinraat 
and noithsraat column aio thoaa oauoa in which both movomonta aftootod the houso, ono 
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pi mlnmmniin g ovw the othei Giouping togrthei all moicnrants icnaiU.il a* nuitli- 
wnt and southwest anil wont, it ■ drawn that 1)6 5 pci cml ol all Lira houses mining 
Blurtml in than dncotrane The venial gioup ol lira table includes all men inranl in 
UiReUone oppoaiLo to thou of gionp 1— that ib noitheast, east, anil southeast Time 
make up 10 per eent mou* of the totnl In tho ihii J gioup aie included all Hum 1 moving 
baek and foilh m tho dhuctian* ol gioup* 1 anil 2, oi pnith in one main ducclion and 
pailly opposiLo to tho oLhia main diicction Thu* coinpiuo <) i**i cenl 11, (Iran, a* 
tho wiilm euppoeos, tho west and cast duectinns may Lo ahniiiintod by being sepnialcd 
uito tfran componontB, thorn will be 03 5 pci rant ol the total nuiiibri that uuivod noilh- 
wnl, southwest, noithcasl, and aoiitlioaat 

Movement qj chimney* —Tho gicat iiibjoi ily of clumnejs in the ngmii undei dboue- 
bkki aie of biuik They aie of many riiflaionl dupes and sins, in dillcieui positions 
on tho roofs, of vaiious maleiials, and aie altcctul by sliucluial Viii rations and In age 
They could not bo exported to nhow pm foot uoiisistcniy in (Ira ihieelion ol lall, but 
Btatutic* war galhmad u aula to find out Uio tendency ol lira iiiajnuly and Urau inluu 
aa mdioatoiB of dncaUon and intensiLy 

In the following tablo the buck, rhimnoyn oil giouped nn Hiding to wlrallui they 
fell in the (Inaction of tho blopo ol tho laof on wlmh they hluod, obliquely, oi at light 
angles to thu, duoctly opposite to this, up the iaof, m at raiding to wliclhei llray 
jumpod Those not railing Taim anathei gioup, of which a few shifted lmii/on tally 
Tlra majoniy of abort* on whioh tho housos enuinnatcil in this pnirai uiu situnlcd, iuii 
m nouthweat and southeast, and southwest and nmtheasl dnectuins, so that tlra slopes 
of raors aie gonotally m Ihona dnoobona Mate alopo noidiwcsl and southeast than 
boulhwost and noitheast Those duectionb oT loof-dopo moko themselves oppoicui in 
the table, inasmuch as the dope of the loof exmta a mniketl louUol u\ci tho ducclion in 
which a ahimnoy folk 

Mb A w m s Aa Andiaiu m aftidh bnal efciMaqfi mamI 
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ll mil be s«s n limn (lie piuctling I able Ihul out ol a lotol of 922 Inuk-dunuioys that 
fi 11,00 pci teul went ilmm Uu tool, ululi* only d pci cent fell in Uui opiuihilr cliiccluni, 
22 pm c eul lell uliliiiudy, ami d ini rent mill a leap ap|xu cully lrgaidlrbs of Uu* nmf 
Tlic picduiiuujiirc ul the iimlliuest anil mmiLIiwimI (liinrlions, linwoxei, lines not hccin 
(o be wholly duo to llu iuul~Ji)pe Tlic lulilc sIuiwh lluil in ciu'h division Lira nmlli- 
wiNl-Miiilhrasl mid umllu'asl-NHilliw'i^l duet Luins of movement wo in llio ninjimLy, 
even llio Ilia rluiniu vs lmvo liilli n in a dnirlion ninliaiy to llu* iJi)]ni nf lira iixif 
Hie ciidcnro luie is nnl nl (he liesl, lml llu'ie mlmuly brriiM to In 1 a IriHlenry luwaid 
iiioiuni in llu 1 same dm i lunis as iluisr dominant m llio rase of tlic houm LIkhiiscIvc*, 
It mav lx* supposed (lul i liiumi is lell in llu mm hi returns owing to Uu* nioveiiieiiL of tin* 
house, lml llu* iiui|ini(r ul eluiiuu'vs l.illiiifc rnnic* lium Ironses Lluil wno not dislocated 
The eviilmice nl llie chilliness lulling i»lilu|uc*ly, up (lie iiniT, slidLing, ami jimi]niig 
uas llu lx"tl, hinei 1 iliey mmul Million! icgiud oi in opposition to aliuetuial mfliienct* 
Aiming llii'se much Llu* iiugchl iiuiiiIn*! ol miivriuriils in any two iliiec.UoiiH wno uniLli- 
wrst and snulliwiM, mid llu* ne\i hugest uunilx*i pist op|>osile 'flu* inn Lliwml-Houlli- 
easl mul southwest-mnllusisl univi'iiieulh, Uieu, weir in llic iiinjouly, making a Lolol 
ol 11 pm mil, wlnln a iimpiiily ol Iluisi* 1 i*iiiiuiinig inovnl in diii*eluiii*i inlmniedialr 
Movement of dishes, bonk*, rli - Snell loose minim an luxika, dislim, huc-CL-lnur, 
ami lamps nir, as a rule, lire In lull in sluli* as lliry will, but in Huh legmn, especially 
ni llu* limn ol Hnu Mai in, llu* shelve, mi wlueli many of Uu*m hUknI fared urn UiwesL, 
houUiwcsl, um thrust, and Niulhrusl Tlu* possible ilueilions foi falling in aurli cam 
wmo limited and Him (U'linels snuu'wlul limn lira value* of tin) figuirh in tlic* Lnble 
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01 objects oicilluowii, HD ]iei emit lell m cine or thiw Tonr diiectiona Tho many or 
the luovemenls neic delci uiinnl solely by llio dnreturn in which die alielvrs farril, null 
the small linmliri nl movements in uilemicdiule durrtioiiH lavma Uu* ulra that nortli- 
wrsl anil souUiwisL and o]i]x>sile iniivrini ilia piedonuniile, Tor many oT lira eases iroonlnl 
umc of articlcfi lieu In lull m any way whalsnevoi, and ollima wme of ailleles that riid 
some distanco along <du*lvc*s uilliouL lallmg olf Tlra cant and west movemeuta were 
mini* impoilaiil limn tluisi* ncnlh nail hi hi Lb, showing a tendency in Llmt way 
Ac to tho eases hi which italics lei named in position without appicciablo nlufl on 
shelves faomg in lira loui main dnctlicms or niovemenl, the RoulhwoHt-Tacmg ohelvea 
uric most ol tliein len empty, and llino was a niuoli giealei number oT cam in which 
disheslcinawcd alatumaiy when it seamed uaLuial Tor Liieiu to foil noithwcst, northeont, 
oi soutlieast 

Tho case of a town libiaiy is capacially woithy of mantum of booh racing Mulhcaul, 
none fell, of tlioso facing ncnlliwest, a few rell, of thoso facing oouthweat, all Ml 
Movement t/Jurmtme, ale —Those data include facta oonomniag tho diraotion of 
movomenl ol pianos, sloven, tabic*, bookcases, bode, fauicaua, aauutam, com, mantol- 
pioaes, safes, deposits of niaehaiulise, and the like Them won generally froo to move 
in all oi moot ducelions The way in which tho funituie was moved was learned at 
ovoiy house, and the rcuilts tabulated by rqpnling ovary direction oT xnavomant m 
any ana house as a unit Each unit, oi earn ol movement, thorofaro, usually roptoaonte 
several individual movements 
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Hcie again tbs movements in notIhwest, southeast, southwest, end noitheasL iluec- 
trone for outnumbeied all othsta The total movements in thc^o durations is 70 pci 
cent Theie weie many eases ot movements in (Inactions slightly oblique to those, but 
taiding tho snma way, whidh, if indludul, would swell the total The southwest dnec- 
tion was muoh mae frequent than the noithwest, and the moscmeuls alongsoutliwcst- 
noitheiuit lines worn mnch in exueM of those at 1 ight angles The west and cast shifting* 
weie mmo fiequent than those to the noith and south Tho pieces ot fuiniluie mouxl 
in various ways, tipping ovei, sliding, and jumping Tho movomants was often back 
and forth Theie in an appucntlv authontic caso of a china oloset tipping to the noith- 
west^ lesling at an angle of about 60° against an obstinotion, and tipping book 
to its anginal position The nuinbei of heavy p 1 ""™, stoves, and safes which weie 
moved is g?vsn u the pteceding table Sixtywv pm oont at them weie moved nmlh- 
weet and eoulheaet end eouthwest end northeast. The evidence u npecially good m 
euch oases as tho sl i din g of cashiqgutets and scales on bmoolh oounftcis, wluoh in acvcial 
instanoes went nmthweBt, southwest, end southeast The ornamental top of a soda 
fountain, balanced and froo to fall any way, fell towud tho eouthwest 
Evpenenees and tetunony qf peoplo —An earthquake comes anil goes so euddaily 
ami unexpectedly, end there aie so many things to think about, cwn when ono is nblo 
to foimnlato any ihon^rin whatovet, Uuxt the deemiphon by pcoplo ot the liiauuci in 
which they felt the shook is apt to be only hagmental at best It id the elniosL uni via Mil 
testimony m the Ben Mateo region that the fiibt shock was followed bv a lull, and that 
this wee followed by a renown] of the motion in a diftmnit ducclion Many Mato that 
tho shock fallowing the momentary lull wui the hcavici of tho two Aa to whiih ol 
tho two movements along linos noithwesl -eoutheast and southwcit-noi tlipnst caino 
fhbt, little eyidenoe has boen fotlheoming Pm sons who ogieod m legsid to tlicic being 
two suooosnve directions of yibialion dlRcicd sa to which preceded Theie wcic two 
casca of the epilhng of liquids noticed by pasane, and iu both the htatement was msdo 
that the liquid eplesht toweid the narthweet at the foot shock In one of caste 
the northwest iqdaah wae followed by one toward the southeast A lady who wee awake 
when the shock came eaid that things on the southeeat aide ol the loom began tailing 
fiiat A jowclor declaicd that ha was satisfied, fiom the movement of lua pendulums, 
that the main shook wae southwest nml northeast Two peoplo weie ihiown out of bed 
m the same house, ana of them bung thiown northeast, the othei southwest One of 
tine, after getting up, was thrown southeast flora a standing position 
Sploshing tf hguids — A form of eyidenoe that could not be influenced by aitifimel 
position of any land n that of the splashing of liquids It is, however, evidence that 
is difficult to get at, partly because the signs of duration aie so tiamncnt, and partly 
beeauee even whim they remain long enough to ho aeon, they ere apt to be either care¬ 
lessly ot not at all observed Tho 80 oasae of spilling that were consuls cd tiustwmthy 
end were reoarded paint to movements noithwast-eoutheirf and southwest-northeast 
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In 20 pci ecnl oT the cases Uic liquid spill nmLliwrab, in 20 pei ecnl southwest, and 
in 8 pei cenL in both rhirckans, making a total in Uicsl two wsjys of J8 poi cent Foui- 
tcon par cent ^dt malhcasl, anil 81 pci cenL noiUiwnt^outliniBl anil bouthwest- 
nui throat, in combination Thw makes a total or 88 par cent in which spilling took 
place slang the same lines in winch movement in ull ptovious rases picilommatcd. Tho 
rest of thoesbos of liquids spilling tomlud the Nuno way, nano having gononoith oi sooth 
The watci in a locivou was obtutval liy ono man at the tinio of tlic diook lie wid 
tho watoi sconiod to niovo in waves to waul Uio noiUiesnt, and that it splasht high 
on tlic nuillicast aido of tho lrsorvou Otluns rleolaicd that wains woio oslined by 
die quako Tanks of watci woio lqiealcilly cithor wliolly or psilly omplicd by tlui 
■plashing of tho contents Ono lady stales Uial lioi goldfish wmo thiown out of a HLtlo 
pool mill tho watci, towsiil tlio uaML-notlhcoHL imd woBt-noilUwort 

Movement of vaiiou ollia Indue —Tins psisgLsph Includes all impoitanl llonis of 
evidence that have not romul a plare in previous Beckons. It ooveis eases of falling, 
leaping, and sliding ol towns, tanks, pinches, pillais, undeipiiniuiffi, gale^Kwta, arohes, 
tools, and tho pulling aisut of walls aiul poitiLions, bnules tlio niaveinenl ol nuuiy 
sniollci Biliclos Tlio cvidcsico in mosL of thaw oases in caper tally good Fin mstaneo, 
a lioavy inaiblr dab an a counter did lengthwise toward tho noiUiwest A den irk 
which was loaning uoiUicast «as thrown lowaid the soulliwest Tlio following aic tho 
pciocntagcs ui ovoi 80 such cases, southwest, 88 pm cent, uoilliwcsL, 24 pei ccuL, 
southocbt, 17 pa ecnl, noilhcsbl, 11 pci cent, a total of 87 pci cent foi thmo 4 duco- 
tiona, whilo tlio otlici 4 diicoliona, noilh, couth, east, and wot, total only 18 per cent 
of the movements Tins is nuno avulanoo tending to tho mma conclusion as boforo, 
namely, tliat tho southwcsL and noithwost lnovomcnta, anil Uiou oppusito dncotians, 
Isi autnuinbci all olhuis In genuiol, things that aio thrown oi that fall or dulo body 
furnish the best outciia for judgment as to tlio directum Tho above bat is laigdy made 
up of data of this kind The eases of pulling apart oT walk included aio vmy few, bn 
in the inajouty of instances in which paitang ot walls ocouis tlio actum is dependant 
on too many other factoia 

Pmdommanee ef natkwnt and southwest movements —It has boon shown that the 
movements noithwest and southwest, end those opposite, giaaUy ovaood In number 
those m all other duactions, end theio is no quaslian as to the pradominsnm of the 
fiist two ova those opposite to them in almost every esse It is daaicst In tho move¬ 
ment on foundations and tho splashing of liquids Evulcnoomiogaid to rdabvo amounts 
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of movement in the first-mentioned diieolionb anil in those oppmitc seems to hr I jest 
m the case of foundations, unco loose oilieka may ofUn liaio been tluoun in the iluce- 
bon of on thiust, whilo houaes moved opposite to it The nupposiUon i* 

that houMfl usually hhiftod opposite to the tliiual Fuitlicunue, it must bo borne in 
mind Uial tho oontenta of a building may be influenced bv the mo\Tmrat ol tlic builduig, 
lathei than by the ilueel cjilhquokc thiubt itscll, ami thus give ie°iilts pointing in tlic 
opposite dncoUon 

Cmm ofahijUng — Fiom tlio fart that nmlhwest and huuthnH. disjilncuiiciils wcie 
of most ficquent nccuimicc, it Hiema likoly Hint llu* mam cailhiiiiahe movements weiu 
Bouthaost and nmlhcast 

Tbc fault which ia bdiovod to have caused the cailhquako iuns in a diicaliun about 
N 40° W, and pauses within 3 miles of don Mnlco It mil be noted that the dominant 
directions of movement ucio patnllol and at Light nuglcs to the tault-line 

Evulanco appeals to show that in any one duct lion llieio was a succession of tliiubls 
In ono instance, a buicau was joiked by successive small nunemisitfl a distance ol 0 fact 
lowaid tho noiLliwest Hie oouiwi ol such moving objcols can nltrn be tioceil by the 
marks loft m dual Bomo objcela that weto moved had icluinul to then oilgmal ikisi- 
Uon when tho oml ol the chock came 

Bdahoe tnJemnlg of As nunn movement —Can sideling onlj tlic noithcasl-suulliwesl 
iIhiihiiwii ud ihoso at »» ght allies to thorn, we find tint ul all the houses tliul moved 
on Hmhi foundations, 31 pci cent shifted southwest and mdlhiasl, and 27 pei cent ninlli- 
weal and aouthenat QJoo tablo on page 35*1) 

Of tho ohinuiqya that foil obliquely oi upwaul with lcfcience to tho *4opo of the loof 
oi that jumped a shifted, whioh gave Uto moat ttusUoilhy cvulcnco ui cases ol lolling 
eluinneyB, 22 pei eont moved southwest and notlUcasL, and 10 pci cent noiLlracsl and 
Boulhoast Hie figures foi all tho chimneys give tho picdonnnanco to movcnienls ui 
tho nmthweat and southcaat diioetians, but this fact la not Mgnificant, since tlio iiinjin ily 
of roofs sloped in thorn diicohona 

Among tho wumii of hquida spill, tho soulliweal-noithensl iivncincul uns gieally 
m muses of that ninthwoet ami boullioaat, 51 ix?i cent ol tlio total spilling in Uu> Iminei 
ways, and 34 poi oml in tho lattei 

In iwMifciwn to tho cvideneu ol Dip figuies in otlus tables, Dial given m tlio tulile ini 
page 361 may bo oilal Foily-wen pei cent ol tlio ilislirs and siimlai ailieles went 
houlhwest and nmthcasl, while 42 pci eisit uenl nnilliwisl and southeast Hie same 
fact ia mhIimLhI liy tlio dishes Uial fnc rtl in these duct turns anil did nnl lull Fill y- 
ciglil pei eent of the coses in wlucli dishes icmaiiicd standing on tlu* shelves, when 
they wmo at hbcily to fall in one a innio nr these ibjn, wcic cases in which I hey 
foiled to fall noilhwrat oi aoulhensl An on ling to tlu table nn page 302, in 40 |ki mil 
of tho caws of fuimtuic movement tlu* diusliun taken uhs cillus smilhnisL in uinlli- 
caat, oi both, wliwcas it was lunlliwohl oi southeast in only 30 pu cent ul suih 
cases 

Hie following table onumetates the ohms in wliirli linuses inotcil a dislamo uf mine 
than 026 inch on thou foundations, in otliei woids, the woist cases ot tlic kind ft 
gives tho aum of tlio distances moved in each dilution 

Among tho most sououa shifts, those to the southwest pieiloiiuiulr bliglitl} in iiumlici 
oml diatonoo ovm the nmthweat ones, but owing to the exon* ot southeast movements 
over those to the nmthcaist the pciocntagi's foi tho combined opposite mo\ enieiith iuo 
just the some—37 poi cent in oach case Numinous houses shifted both bOuLliwesl 
and notthwest, but diffcient dibtonocb each way Li exactly liall ol tho casts llie ium o- 
mont southwest wu greotoi, and in the othci liall that ot tho noithwnl inosomcnl no* 
in paeons, whilo the avmaga dutanre moved oithei way was tho same 
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IimNSnilJI 

Tho lioum oovuicil hy this stuilv may lie giauped in Uupo diviwnns, aroouhng to 
locality 1 those on tlio hills ill Jluiliiigaine anil Han Mateo heights, ihua at liolinonl, 
Ilnmeslnul, anil Han Ciulos, which aic ]wuLly on tin* level valley bind and jau Lly on tlio 
low lulls, aiul those at Man MaLco niul lleduooil City, on tlic vulley-door Tlio data 
iiMliralu bliungly tliat the uileiibily til Uic shock was less on tho lulbi Ilian on tho flat, 
in spile of tlio fact tliat tlio luniseH on Ilu* IiiIIh weie nearer tlio rault-lino In fail, novoial 
houses on Uio luck-loinicil lulls wiy neai tlio cnithquako hiu hue dul not pvo ovalcnoo 
or any gicaUn intensity than thonc at Han Mateo 

Tlu* Buu-Buu Rulgo, as Uio lulls nio called, is composed of an old and vny much 
oompaolod arnica ot Rcdnnenliuy locks, mudstone, idialo anil jaaiier, anil of reipanbnNL 
Moioovor, they aio not deeply coveted witli aod, ao that Uiey foini a otiong foumlation 
for the bourns 

Tho pcicaulago of houses tliat moved on then foundahona an the hilla sraaO pn oant, 
and at Balmont, olo, 3 per oeut moved, as against 27 pm oenl at Han Mateo and Hal- 
wood (ily. Thin is shown m llio lalile on |Mge 366 Among Uio very few housca tliat 
bhillod on the hilla aiul in tho Belmont legion, only 1 m 6 moved an appreeiablQ dis- 
tanco, while ui a majoiiLy ol casea m tho valley tho mavmnonl waa cansidcrablo. 

From the figuics given in tlio lablo cm p. J66 it appoare that of Uio chimneya, 73 per 
cent fell on Uio IuIIm, 88 pm oral m the intermediate aaUlcmanla, and 02 jxs cent in tho 
valliqr Tlio mtenaity of Uio ahook, as flliown liy tho amounla of fallmg of didwa and 
crooking of plaster, waa gicalm in Uio flat oountiy Tho following table givaa Uio por- 
coutago m thoao eases Of oomao the classification of tho damagp a very arbiUaiy 
and the hguiea at host are but mdioahve Of caaoa icooidcd in which furniture faded 
to move appicoialdy in houacs, 00 par cant wmc an the lulls 

r w nw qf i*nr| r fir jtoWff mil ftiunllritf ■rfitfn in tilifi «nrf ha Im J S 


hilbru / 


Aaomi or Duuk 


Ika plutar 
nuimwlnpin f 

of daboaoto, 


loffalHnf 


ao 

ao 

7 » 

ii 

10 

» 

M 

ru 

as 

IH 



800 RXPOUT or THB CALIFORNIA EARTHQUAKE COMMISSION 

The testimony is good in all cases that feliuetuia on the hills aufieied lew sciaulv 
fiom the eaithquoke than those an the plain IE a huge amount of similar data could 
be collected an the low, alluvial, often mushy, flat land boiileung tlic bay, it would 
ptnbably be shown that the movement fheio was still mote intense Houses, howovu, 
oio not fiequent thoie In low bottom-land theio wae indications or gieat intensity, 
and especially in tho ease of pound ni Uficiolly filled in A good OMunpIc was given bj tin 
electric laihoad back a fow miles naiLh of Son Mateo, shown in ]dalo '17c, n It was 
built ova Mia low land on a heavy, but loose, embankment nl cailli and stone At ono 
plane this loodbcd waa shaken apoit between the isils, and a nock tioin 1 to 2 feet 
wide and extending down many foot, nearly it not quite to the level of the v alloy, was 
foimed in it Cm a diatanca of ovor 1,000 feet It ian noithwcst ami southeast, paiollcl 
with tho load, and thiuout that aLieteh not one of the hens y Bled lads was loll unbent 
One 80-foot l jil that was examined had been lent 2 fed. hoiirontally and 10 inches vei- 
tioally Such wieckmg of lailiuod tiacks occuiicd whaeva the undalyiug lounda- 
tion waa loose, but tho sketches of tiack on solid pound woic not alfoctcd Tlio 
low, muddy land along Saa Fianeisoo Bay, cast of San Mateo, was beamed with nooks 
by tho earthquake. 


CONCLUSION 

The following me the mom conclusions miivcd at in the unuse cr the woik 

1 It u evident that much nl the damage to houses, as well oa to then contents, could 
bo avoided by judieuuis eansUuotion The disadvantages of certain alastus of stiucluio 
should bo aeknowlcdgod, and scorch made toi muic bucccbsful styles Houma piae- 
tically eaithquako-pioof oan bo built easily and cheaply 

2 Tho dominant ducotiona token fay moving bodies duilng -Ac comae of llie cailh- 
quoke shook wcie southwest ami noithvmt, with movements northeast and southeast 
only second in numba Hieie appeal to have been felt in this legion two main Ihiusls 
o acts of movements that oinanotod fiom the fuult-liiiB in Boulhcast and nmi.hnnnt. 
directions 

8 Tho ebook waa lea heavily fdt on the hills than on tho level land Tho Iowa 
dopes wae afTeeted in an Intel mediate degiee Tho diifaoioe in the two exfaaua was 
probably almost as mu eh u ana dapcc of intensity h an earthquake tablo of 10 units 
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DIRECTIONS IT THE TOMALES-BOLIHAS DISTRICT 
Di G K Ciiimur 

Tlio RiHitPi liiiinlxi of iny notes ns In dius'lnm ul iiuilum |Kiliunlo Ilu* shifting 
»f liouvs ninth IlII Hum fuiiuiUliiiiH Most nl I lit* Iiimm's in Him tlisLiicl nlueh weie 
Hub hlullnl stood on light, viiLkhI, wimkIpii pieis 01 pitii*., and foil fiinii Hum piqw 
in shilling Tlit* diicclum ol tailing nns mi IrpiiuimUy ihiwiilull ni> lo show Hull Ura 
aloift 1 uf Hip ground wus an iiii]miiUuiL fiu'loi, and Him liu l knulh hip in givt liulc wtighl 
to ilaln of Hus pIuhiuIpi Tlraie neie, Imwpvpi, a lew luniM<s ahull, icsling upon Hal, 
unyielding fm mi lulu ins, Mini 1 shilled lioi uuml idly ii[miii iIicm 1 , and Hum cvuhmcp m nl 
gieattn Y. 1 I 11 P 1 Hunk uImi Hint suura weight should In* given lo Hip doinnuuiL diiccLuui 
in a Inch Iioiihs of a group wine thrown lioni Hum MipinuLs 
Ollior data as lo diierliuu aie fninul in Hip lulling nl iiipii aiul animals, and tlipao 
nppni lu nip ol value whc'ievei a dimunaiiL duel Lion alledPil a group nl iiuhvuliials 
Tlio dnpclinii ol l.dl ol a fungle individual might leoilily lie riuulilioiusl liy iiiustiilai 
leoolions, uiul Lliiih gne little pvulln« , ns lo tlio duet lion ol the strongest licinoi 
I am tail to ipu-slmu cvideiire liom lho shilling ol luimliini mill lira throwing down 
of olijobla on hludvis, Iksuuihu in every Inslanou Uip ducrliou ol vilnalion of n lnnlduig 
npponiod to be controlled piuUy liy itH Hliuptuio lu view ol Iheso nniMilpialioiis, 
I ipguil Hip gioatin iiiiiuIht ut my oliMivnUnus on ilupplion as ol liltlo significance, 
aiul do not ippoit tlicin 

Tlio ploBiest data as to duis'lion hip ul Iuvpiikiss While Hipip wnn lnupli vauely 
in tlu 1 dnpclion nl niuUoii of Iuiiimm at Hint locality, it was ipule pIpai that Hip diiiiunant 
dnccluii was wPbtwanl This also was tin dnectum Lowaiil wlnoli 4 out ul 6 woloi- 
lanks woio Hhiftpd, aiul iL wiih Llio dnootiou towaid wlnrli tlio mild on Uiu bottom of 
Toinaln Iky was miivud Thu locality is wiHun hiis Hum I nulo of tlio rault-liaoo and 
is on tlio uouUiwpsl huIp 

At I'oint Reyes Hlalum, siinaleil 0.26 nulo norUicaaL of tlio fniilt-linoo, Uio dominant 
ducction of alnfliiig waa aouUiwaid, aiul an owplioiially doruulu lpound was by 
Uio Bohool-lmuso, winch leslisl on a firm, flat louiulalum aiul was uiul Uiwuul tlio houUl 
A t Olenin, 2 miles uoullipnsl of Point ItayaH ti latum and Himdaily lelalod lo tho faull- 
tiaoo, Hio dominant dintliou of nuiluin was rouUiwobL, oi toward the fault, tho lust 
auiglo uistoiipp Iraing Hint of a pool of watm wliieli npilt In llml dlieotion 
At Dipsra Tim, 0 Wi mile lunUioosl ol Hio fault, a pior luniimg umUieast from tho 
spit was wiarLpii lowoid ila outer end A lino of lolepliono poles eiuMUiig tlio lagoon 
h um lira oral ol tho pier woa alaiilail in lira samo noi Uranst dirpption ] n Hiu Inn olijoolo 

woio Unown Miulhwnil, aiul of Uupo collogns injurod two wmo Hhiftpd or wiackpd to tlu 
southwest On tho mainland licailiy a jail of Mr Moiho'b plor waa wiaokod to lira south¬ 
west. Collectively thoso fools indraale a dominant vilnalion lo anil from n northeast 
dn cotton 

At Willow Camp, oloao to tho cast angle of BaUnna Lagoon and about a mile nuthcaat 
of tho fault, sovoiai Irauaoa movod shoit dntanpaa towaid tho aoulhoaat 
Thcae vanous diroctrana bio platted in flg 06. 

snmmom imdioathd bt uoNUMarare nr omurnsun 

Prof F Omon attomptod to datonmno the dlrcotiona of tho earth's vibrations by a 
statistical ntudy of tho thrown monuments in the eomdenoa south of Ban Fianeiaoo. 
The results of his investigations are shown graphically in Bg 00, In which it appears 
that the greater nuiuhei of monumonts wmo thrown In the quadrant between north¬ 
east and southeast Hie moan direction of ovnrthiow la N. 70° K, which u rqgarded 
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u tha dncction townid which the gieolcet homontal di&pliiccmiiil took plore due lo 
vibintion Othoi observations on the duochone of the ubialmy mmcment may be 
found in Fiofcum Oinon u pipe 1 
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The <//n/ nj Ihaenith niuvcnunt oh llie m.n-/i 11/ — liusulhiiunhcs along ecmslul 11‘Kious 
Liu, w.diss uf Ihu ocimii uii usually .illci'liil, jmi lu uLuly il Him* 1 m* n diipliuiiiieiiL ol 
llio KL'U-IioLIuIII II lIlC dlsplllf (lll(‘lll lllls a I llllillll'I.JlIc* \ (I Lu.ul Llllll| KIIU'IlL, SO llul 
one [Mil L1011 ol Lius mUtIniILuiu is (hn|it lrl.iliwly In iui u/ljuu'iil |nh Liiiii, llu* eiMiiug 
disphucmi'iiL ol llic pi Nil ol nali'i mis llu* legion idiot lul will geiieniU* 11 ihmiiuIio wiim*, 
wlueh will cuiim! llu* wuli*i along llu* iihisl lo use mul full willi 1111111 1 in less disnslioiM 
ICbllllb If Llu* (liopl JJOlllOll III llu* MllrlMilium It nil llu* I'UlllWMIll suit* or llu* liUlll 
iifxsu wliu.li tin* dispLuxuu ul in 1*111*1, llu* univi* will lu* gienlis Uii Llu* same unuiiiiil or 
displacement than il llu* ilmp is mi llu* scawaul mill* 11, lunmin, llu vi*rliuil 111111- 
punciiL ol Lin displacement is i|iuli* siiinll, mul Urn iiuivinui'iil is elnelly lum/tniLil, iih 
111 llu* fuse of llu* liuill ol Aiml IS, I'MHi, llu* si iirWcti (> will lx* i*cnn>^i 11 n 11 IniKjljr iiisigiiiliraul 
Tin* ImiLIiiiii nl llu* (lull ol llu* Ktiulliiiui, ulueli was lmvc*isi*il li) tin* fuulL fioni 
llolinas Jaiguoii JiO Mussel ltixk, 1*0111111 ins lh‘* uuu*i sluillowei |Miiluui ul wlixl is Iciuiwn 
ns llu* lIXMiilluuii pLilc.iii nil llu* ciihsI of (‘uliluiiiiii This plaleuii ski lilies spuwuul, 
willi iui 1111*1.119* liiisullli nl JJ mills, iiiiiiuiliiili'ly nil llu* sliml Inn* of isinsl limn I'ihpciii 
1*111111, 111 llllllllllu Jl a 11', III llll* IUI III 111 III llllSSUIIl ltivt*!, Ill ,IS° Ml 1 , 11 lllsl.11111* III IllKlUl 
NO geoginpliu* nulls Tin* uic.i of Lhw pmlol llu* plulciiii h hImiuI J f fHNI sipuui* nulls, 
which mi liulc s llu* nun ol llu* (lull ul llu* Km 11 Hunts, id xml 1,20(1 spurn* ihiIih Onil 
Iui llio Southeast l*\ii ulluius, 1I10 N111II1 Kiuiilluius, Nooiulnj ltuek, iuuI llu* (Suulcll 
Huik, liming a lunLhwisl uul souIIipiihL lx*iuiiig lliru 30 gnigiapliiu miles Hie Into 
pinjooloil houllieuslwiud strikes Pigeon INunL (His* map Nn 4.) Tin HunuiulB of 
llic FuiiiIImiuh usd ns niurli as Mil I eel iduive llio sea, NiMiiuluy Hook 1ms 3 lallunns 
ol walor ovis* il,mill llu* ('milcll Hunk luis 10 fathoms liihulc of these Niels Uieio ■ a 
veiy uiufoiiu lmlloin ol saml, willi a gnuluolly il(*nensiug deplli ul water Lowaid Uie 
hlioie Outside ol llu* islels Llic grade of llu* IxilLniu inpully inn oases TI10 iOO-fiillioiu 
liiii* learlus 5 nulls Lo lln souUiwesl ol Uie Muullmuil Faiallouus, Lluuoc ll in 10 liuln 
Lo .100 laUunns uul 20 inilus lo l,7JK fallnmn 
Tlmo ib m mcuiiH ol duceUy asc 01 laming lln uununL of llie veilunl eoin|Kiiunl of Lln 
fiuill ol Aiml JH Iur Lluist* |hii Ihiiw oT Die iiuill-Lrnco winch lui on Ihc seiirlxilLoui on urn 
Llu* (lulf ol lln liuulloins 01 in U10 iLgiou lo Llu* imrlliwiud. Hut wliun* il ImvoiMM 
lln land lo Urn snulli ol Mutual Hook, llino Is no evuloneo of vnliral disiilaoemenl, 
and lo (lie 1101 Ui uf Hohnas Hay, while Unto ih ovulrnoo ol an uplift on lln weal aulo of 
lln laulL, Uni uiilill is nlighl, nol exceeding I or 2 fool Tin elisonee of a inrlodlo wavo 
nl Iho Golden Gale iiulunles Dial llie veiLieal diaplaoemenl on llial segment ol lln 
faull winch oiossps Lln Gulf of lln Fuiallonen, if lluno was any, was vmy hi nail Whilo 
Dime was no peiiodic wavo oT Llic oceanic wolci genomU*d by lln honaoiilal disploctv 
monl ol Iho wu-liolLom, llioro was an iiiloimkng dislmlnneo of Lln laval of lln sea, 
uliown by tin lulal gage imu Knit Pout oil Un aouth aulo of lln Golden Gale, which ■ 
pioliably to be olavncl willi Un boooud&iy plnnomcnm Billing from Iho diaphieoinant 
The lulal gage yiulds a lecoid known as a maiigiam, upon whudi ■ chionologically 
mdiealod tin 11&0 and fall of tin waloi m tin Golden Qalo wibli iho incoming and out* 
gong of the tide The loomd is aaul lo bo acnailivo to lln unpaet of wavw breaking 
upon lln bar ouL&ido Un heads distant aomo miles from Iho gage II u alao sensitive 
to tin conflicting volumes of wator bom the north and south par Is of tin Bay, whon 
Ihcso nio stuving bn mastmy 011 Iho fading lido. Formor submarine carlhquakca in 
distant pula of the Pacific havo gonoraLod waves wlueli have boon locoidod on (he 
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maiigiam at the Goldon Gate The mmigiani near Fait Paint, far Apiil 18, 1906, 
shows (|ig 67) a dep um on ot the watoi-level in the Golden Goto at the time of the 
earthquake, on latyei a lilllo aubaoquent to that event 'Hie amount of the dopioesion 
was slightly m oxcobb of 4 rnehee The man- x 
giam bhowa a bhining ot the penal meik fiom S 
tho dnact action of tho eaithquake agitation. V 
and this beanng seivaa to give oppioxunatoly 
the time of the ahoek It shows that the run¬ 
ning diode of tho gage waa piobably too alow, 
and that the depaeaaion of Uio wata-euiface 
did not begin instantaneously, but followed aftm 
an uitaval which may have boon bom 9 to 10 
minutes Before tho ahoek the gagB had bad a 
small vertical movement, aamibed by the affieeie 
of the Coast and Qeodelio Suivey to an im¬ 
pel feet oscillation anon the Goldon Gate Thu 
nunoi veibcal movement oonlinued dmlng tho 
drop in tlie level of the water ofto the diodk 
The time far the lowming of the water was 
9 minutes, aa nasi as can be lead bom tho 
maiigiam. It immediately began to recover, 
and the iccoid shows that the wato lovd rose 
without minor oaedlations, to the noimal level 
within 7 minutes, the total mlon upturn in the 
nonnol maiigrun ouive due to this depiession 
being 16 minutes Aflci full recovery to noimal 
level, the depteseum woe not followed by a oom- 
plementaxy use of the water-surf sco, and in 
this sense the movement was not pin iodic Hie 
minor oecillations rafened to above ocasod whan 
the maumum depioaum was reachorl, and do 
not appear m thou dhsaactaube forms on Ihe 
mangism ornvo lor somo houn arier. They 
were replaced, howevei, of Lor 6 o'clock, by 2 a 
8 oscillations bavmg a pciiod of about 40 to 46 
minutes and an amplitude of 1 to 2 indue 
These piobably ooiiespond to oscillations in Sen 
Fionoisco Bay 

Tho Tidal Divnion of the Coast and Geodetic 
Suivey veiy kindly computed the tlmo which 
would be loquned foi a wave goneiated at the 
fault-line on tho bottom of the Gulf to roaoh 
Fait Point, end found that it would lequire 0 
minutes, on the assumption that Fart Point u 
6 statute miles distant bom the faults ace in 
a dueetum normal to it The position of the 
gage u, however, 18 milce distant horn Fort 
Pant within the Goldai Gate, so Hut the time 
iwroBuy for the wave to reach the gsge would 
be somewhat longer Now the time at wliioh 
the gpgs bogu to tell ■ betwem 9 end 10 minutes 
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aftci the Jh*l intcii upturn ami blumng of the locoid by lliu bliock iLsolf, aiul tin 
coincidence m bmo suggests that Iho fall in the waloi ucni IToi L Point wai due to a 
negative osoillalion generated at the lino of Lite laull The cllecl pioducod would havo 
boon biouglit about had them been a slight (hop ot Iho hca-lxilloin on the oulei uric ol 
Iho fault But thoie is indepondeuL c\ulcucc, to lira uoiLli mul anulli ol this |millculai 
segment of the fault, tlinl tlicic wns no ill up on Iho west side, so Hint tins explanation 
can not way wall Iw cntciUunail 1 It is aLo pa>*ihlo lluil Iho ctleut olacivnl might 
have Iwon bioughl about by a slight expansion ol llu? ooiiliucs of the (lull of tlie Paiut- 
lonos, duo to the diflaiouluil inoveniout along Lira laull, Imt this would not explain the 
ooinculonoo in limo Tho pciiud of the oast-wost osoillalum of the walois in Uie Hay 
of San Fiancisco, between West Bin holey anil Pint Point, lias also hern computed by 
tlic Tidal Divuion of the Const mid Gemletu Survey to ha nlmul 4() ininuLos Tins 
agicaa fully well witli Uic two ai tluee awnllationa locortlod liy the gngo nlla 0 o'clock, 
end indicates that the drop of llio waloi-^uifnec oulsulo of tho Golden Gale ganmalctl 
an east and west ascillatioii in Uio Bay of Hui Piaiiouco 

Tulnl obeoivalionB oonrincLcri aL Foil Tbint foi a poiiod of 1 you fiorn tho data of 
tho enitliquakn lmlionlo that Llieio was no oluuigo ol Llu lclntiva altiludo of son and 
huid at that point, os coinpaiod wiLli tho eoudilioiis picvniling duiing tho 3 yaam pre¬ 
ceding A loviow of llio oliveivntions for tlu* ]mhL 9 yenis, liy Uio CohsL and Gootloho 
Suivoy, rcvosls, bawnvoi, the uiloicHliiig fart Hut in that polled ol tune lluse has Iwon 
ui appaionl subsuloneo ol Llio onasl at Lliat point ol 4 8 inches, iuncUeally all oT Una 
liaxing boon accomplished m the Inst 0 yoaiti of tins pcilod There* lion lieen no iiiuvq- 
menl in tho lost 3 yoaiti (Apiil 18, 1907) Tho only oilier Lulul gngo iiuuulainod on 
tho ooast of Cnhfoinia is tlial at Bui Diego, and Uio inuigmm obtained Uiaio allows 
no abnormal movement of Uic surface of tho sea referable to (ho oaiUiquoho. 

Tho only othor lopoit indicating that Uio lovol of Uie oaaan was oJlcctcd along Uio 
ooast is byW W Ihubonks, ol Poult Aiann, who says “l liavo endeavored to loun 
of any unusual notion of wntor along Uio spo-cobhI, ami cut n>loto but one uihlonoo of 
anything appiooshuig Uio diainclor of a Lulul wavo On Uio tiny of Uio shook I tiavolrd 
by whool and on foot ham Album to PamL Aionn, 26 milas At Uio mouUi of Nuvarro 
Ilivcr,at 8 o'clock on tho mom mg of tlic 18Ui, I lou nod horn mlialilo rnuioas tlial a 
saolum of about 10 noioo of low, tint land about Uio mouUi of Uilx nvar was onlholy 
aubmengrd lot some nunulos utimoduiloly oflor Uio dioek " 

The shock fell by ships — Iiifornialum iqgsxdlug llio pmoopllun of tho shook on ships 
at son or in haiboiB has boon eolloetod by Prof (tango Davidson, and Uio following 
notes uo ohiody tho mndt of his inquinas' 

Tho U S T 8 Pmtoeda, moored to tlio plar nl tho U. S Naval Training 8Lotion, 
Yuba Buena Island, Son Eranoiaoo Boy, fdt tho shook oil Uio morning of Apiil 18,1000. 
SuigoonL W Cui hs rqpai ts that wlnlo in bod on tho Pensacola ho fell a vibratory shook 
lasting about 80 soconds, with ano lusivy ju olnul tho midcUo period of tho shook A 
gentle tumbling sound comoidod with Uio shook Tho plumomonon dosdy rosomblcd 
vibi alums whioh an at times sot up mthodup'o hull on stsi ling the dynamo, and llsrsa 
mistaken for that, tho much mom active and avoggaratod than own bofaro ofasoivod 
The vibration shook down some loosoly piled books and papers from a toblo. 

1 This grplanaUnn h. however, arivoaatod bvPiof II F Bold In a nolo rooolvad whflo thmo pagoo 
an In proof ho nja "Ha dopimltm ocounodon the w oatern ddoof tho dRnlt-Una.ralondliic lor wmo 
dntanco to tho waBtwanMt would starts warn of dopioaon tmnidilho Goldoa Qaiowhtah would taka 
0 minutea to raadh Fori Point and thli la ]uot about tfao ttmo rocordorl bj Uia nfo Tim limn nimwij 
for tho moovay to nonnal lord would depend upon tho actant of tlio ana acpiawod Bthnwwoa 
narrow block, a wivo of dovatlon would laOow qiuakU upon tho wavo ot dapnmm. and wo Shankl bavo 
a rapid olavation ot Iko tldewage obovo llo nonnal pamlon Aano oudh wavo appoond and raoov- 
«y waavnynadiial wi> manoqppooo that tho dapraat aroa ontands for mns to Uw wvot- 

ward, ao tbattho raoovwy woi bow Thla la tfao only mplanattnn oo far oSnrad, that would prodnoo 
tho eftooto obonvod " 
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The pilot-boat Qiatu S was lying ia IS fathoms of wain mui tlio lightship oil the 
Son Fiantaco Bai She was anddonly stiuck by a seaquake which cawed hci to quivm 
ab if the uliain weie lunnmg out of the liairar pipe WI 1011 the pilut boankd tlic Qciinon 
Cosmos steamship Nyadn, tlie captain inputted that his vessel lnd heun phaken as it 
she had stiuck on locks The pilot-boat Falhtiiultr wn* lying in the \ lcmiLy, in 20 
fulhorns, and lcpaitrd the mine ofleil 

The btonm eollici Wellington, inwaid bound, between Fiat Point anil Point Diablo, 
in 50 01 bO fathoms, lopoilul tliaL the nwl wna sLiuck as it alic wen. upon locks (Pci- 
bonnl lrpoit or Captain Hayes, ot the Boaid ot Pilot*) 

Tha sleainci Jffinnec, oil Cape Mendocino, lopoitod by Mi II II Duhuc, of Eutoka 
The captain saul bhc nab stiuck a hold blow, as if she had iuu on a luck at lull sliced, 
time, y 11" Mi Buhne stairs dial all ships in tho hiuboi at Euicki toll the quake, 
bat in South Bay it was heaviest One vc4cl was hulled against the whail time aud 
again, tin on mg down piles ot lunilm and aliingles 

Tlio sehoonei John A Cninji/dl lult the Bliock at sea, olL Point Reyes The fallowing 
■ a moinoianilum ol the event by Cnpt C J H dvenbon ' Slop's local appoionl lime 
Apiil 18, lUCNi, 5 " 15“ \ m Lai 38° 00 ' N. Long Ub° Ob' IV , 145 miles liuu west ol 
Point Rcydb Wiallicifino, skycksn, wind ficshHornnmtli-noiLliwcst, sun nualciate, 
ship's eouisc aoiitlieasL, speed 7 miles pai hum Tlio aluick lull as it the vessi I stiuck 
liglitly luiwnid aiul then appealed to diagovci soft gtcuiul, ami when oil a slight lienuii 
was tclt, the whole lasting only a tew seronds " The depth cl wutoi ui tlio viiimly or 
the ship's position is 2,100 tathoms 

The atoanibhip National City woe appioxiinaldy m lat 33° 24' N and long 12.1° r t7' 
\V, 20 grogiapincnl miles distant born the nenicM, point on sliuic and about 31 miles 
tiarn the fault-tiaco along the valley of the Qualnla Rivci Tlic vessel loll tlic hliiK k 
at 5 h 03" a u, Apnl IS, 100(i, ship’s lime Jamn Donuy, tlie chair ongmeei, supplies 
the following comment “The ship seemed to jump out ut tlio w ilti, tlio onginrs inreil 
fooilully, ns tliough the shaft oi wheel had gone, then come a violent Lienibhng line 
and oft and sideways, him lunnmg at full speed agonist a wall ol ice Tho cvpiiission 
'a wall ot ice* ia dmiveil lium my o\pclienees in tlic Aiolu " In this vicinity tlie t liaiL 
lias scvei al soundings, na follows 011 tathoms avoi elay and mud nl 11 5 null's nu the 
lino to Giinlnla Point, 1,5S0 fathoms ova clay and oo/u S miles noitli liy cmupiwi, 
1,821 fathoms ova clay anil ook 11 rnila N 51° W by eanpass 

The whnifingci at S&nLa Ciiw lcpoils that lio hr aid a luinlilc lx*loio Uio shut k, rniiimg 
fiem tho southeast, and saw the Kismic wavotiavclmgsliorewnid, causing a pent lallling 
and cmslung when il stiuck the town Two distinct hols ol vilnaLion weie tell, tlie latter 
bang tho haidci Theic was vciy hlllo suil, the watci looking like that in a tub when 
jniiod The wlimT, extending southeast, seomed lo pilrh lcnglhwiso Aalcamei lictwcon 
Hanta Ciu* uul Monleioy, also one aL Montcicy whaif, lelttho shook, it juicd lliein an 
it lhqy hail stiuck bottom 

Shock* itU at sea subsequent to Ajnd 18,1000 —Tho ship Ale i Gibson, at 7 h 05" v u 
August 3,1900, wlien ui lal 25° 35f K, long 110° Ob' \Y, cxpoiioncoil a liomcndously 
heavy scaqual e, InaLing about 40 seconds anil shaking tlio thip horn atom to blein aa 
it bhe weie bumping ova a ledge ol locks It shook tools out of tho lacks in the ciu- 
penta shop, Lhicw pots anil pan down in the galloy, cups and pileluns bora hooks in 
Uio ponhy, and all lamp glasses off Uw lamps Tho oiew oamc tunning aft not knowing 
what whs tho mallei, and the cap bun thought tho yaids wac coming down Tlio sen 
at the timo wna pcifcctly smooth, tho wind liglit bom the southwest, no land in sight, 
and all ml aet m fine, clou weather At 7* 11T r ii, ship’B tame, anolhci ligjht shook 
was felt, of about 15 seconds dumtion, and from 8 to 12 mulmght two moio very liglit 
sliooks wcio fell, but the lime was not noted The captain states that ho experienced 
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an cailliquaLc at sea un n fitiniei occasion, buL tlio one Tall Iwfiiie w.is in tilling ((imputed 
to this one, cithn in loico or dination (Hytlioginphio Riiicmi) 

Tlio talk St Janie », Capt F 0 Faiker, while in lal 20° JO* N , long 110° 25' W, m 
lha Gull ct Calilcmia, on August 2(1,1*100, was sliakni hj a seaquake at li 1 ' 1.7* r u 
Tlie shuck lasted a minute, ami the sensation was as if the vessel «np sinking upon 
sunken imks Upuu annul el Guavinao, tlie captain leninnl that no sluN'k liuil Ik.ih 
cxpciicnrcil at m nlioul tlie tune notnl (San Firtntivi) f'hiannle, NcpL 111, I'MM)) 

Tlio lxuk Agate, Capt C If MoLrod, while all tlie noillnie-l cunsi in hit 43° 10* N, 
long 128° fill' W, 101) miles west oL Cum Hay, cxpciiciUPil hIkmw shock on tfe|ihiiiliei 
2, 11X16, at 8 h 4JS“ \ « The sliock lasted ncailv 1 minute Tlu m imiIhui mis aa if tlie 
vessel luul stiuck a eoial ice! ui lack Tlio mml was light, llio ncaUifieleni, awl tlio 
sea smooth At 3 h 55" \ m , annlliei slunk was Idl, not so buveiv him wi imilonguil as 
the fiist (iSrii Fiumi'm Ctomudo, Oat 2 anil 1), lDOll Hydiogin|iliio Thiicou) 

The ship Jtileil Semles, Cupl >T If l*illr, while in lal 41° 78* N, lung 125° US? W, 
85 milca noithwcsl ol Cape hkniluciiu), ex|iciiciiccd a bcraio hlinck on September 11, 
11X16, which oocasiaucil a panic among the ciow Tlie u&igo (lumlx i) ami upper woikb of 
the vessel wei e slukon Tlie shock I&hUsI 25 seconds (Suit Mum mo Chi wwfyScpl 17, 
1006 nycliogtaphic fiuicau) 

The Aiuoiicon solioouci Sbuileii, Capt K lVleisen, while in tlie ralin ccnlci oT a 
oyclonc, m lal 10° OIX N, lung 125° 22* \Y, 55 miles nest ul Cape UiHgipoiiiluiMil,, on 
Novombci 6, 1000, loll a blimp shook lliat lartnl 2 ov 3 bclmkIh lininrdflalcly aftci- 
wanla, when looking tun aul tho southwest, llui captain mw 3 mountainous wavoo cum- 
ug, when they stiuck, the slup Ix'gan to pitch uml mil violently, and ho thought eveny 
minula she would ho swampnl (lLydiograpluo Duicau) 

Tlio solioonoi Mebote, Capt M MoCnriun, while in lat 37° 35' N, long. 123° 85' W., 
felt a seaquako on Fcbiuaiv 3,1007 Tlio Out shock was at 10 k 30" a it , lasting about 
8 aocouds, and the second at ]b" 50" a ir, liwting oImiuL 5 wounds. Neilhoi diook 
was violent, but each caused a decided lieiubliug of Die vcascl. Hie motion woe fiom 
owl to west Tlio sky was ovcicast anil tlio sea was smooth, with light ucslaily wuids 
Tho position of tlio vessel ivm 2K gengm|ilimal miles H 73° \V fiiim the Houlheast Faral- 
lon Tho lioaiOil sounding un tlio ciuul is 5 inilm noitli uf this pasilun^wliaie llicio 
is shown 1,726 falboiiui ol water 
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In ioBpun*c to vmious onculaib sent out by tho Commisbion, anil toihiccL inquuics 
by tho mcmbeis of the Commission 01 then auleb in the fickl, 154 icplir* have been le- 
gcivciI, which constitute tentunony as to whothci tho main shock compiuml ono oi iuoio 
maxima Monv ot these icplies ate lolhci qiuMuanaNo w u-nlihc ovuhucc, inasmuch 
oa man} them veto in lospanse to a bailing and suggestive question, and wiy low 
of them have boon subjected to the claiifying pioccss of ciosbrcvunination So fow 
people woie awake at tho timo tlio shook began that but a small piopuitinn ot tho loplico 
como liom pooplo who wmo in full poasoobion ot thou obui rational faculties at tlio begin¬ 
ning ot Lha disluibanco, uul of those who nine sadilcnly and luduly auoluncd, fow woio 
BuHiciantly aloit foi ddibeiatc pciccplion at the tune and hud to inly upon a somewhat 
contused mommy loi the chaiaotoi ot tho shook Yet the testimony is of value, and 
indicates a veiy gcnoial consensus of tho unptcssini that thoio woe 2 pmuupal maxima 
in tho shook, mid the tmluie of many to locogmn oi lomciubei 2 pails to tlio shock 
does not boiiously uivolidale the testimony of those who toccived that unpieuian 
Of tho 154 loplicts loooived, 08 testify to 2 maxima, 40 to but ono maximum, 0 to 
3 or moio maxima, and 1 to moio thau one Of tlio 08 who lapaiteil 2 maxima, 07 
disciiminatod bebworn tho 2 pails of the shock, os to then idative intensity, and ot 
those 67, theta woia 48 who had tho linpiossion that the sooand maximum was tho moio 
scveio, and 10 who thought It the Ins seven OI tho 40 who iccogninert only ono maxi¬ 
mum, 32 won beyond tho xono of dosti ucLivo effort a, whoie the mtonoity was VI m leu 
fm a fow cases VII), and of tho i on laming 14 eases within the sans of dcotiuotivo cflcots, 
11 weio oltset oi oantiodictod by othm lapoilcis in tho same gcncial disliict os them¬ 
selves, who leooid two maxima It would thus appear that within tho sane of rlcstiue- 
tive oft acts, say out to hoseibinal VII, the evidence, such os it is, points unmistakably 
to the oaauiicnoo of 2 maxima, and the pi evading opinion is that tho second was 
the strongm The failuie on the put of many lepmtno to dueiimmate 2 puts of tlio 
shock beyond the noscismal VII is not suipiibuig, and is oflncl by tho eansidaiabb nuiu- 
bei of lopoils in which 2 maxima wue noticod 
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Soqud 
Ben Lomond 
Wutaonwllo 
Cubo\IUo 
Pnmodolo 


Uontoroy 


IJIlaV Bril 
fl \ IVaiuiR 
O J Unuilu 

G A Waiuig 

T X Tharm 
Ain Uldn Baker 
I) II Ciulriurd 
F UaChho 
Cl A Wailnff 
II II Iblnfgia 
llerlha H Abbolt 
N W Januu 
Q F Aiukwn . 
J RM . 

0 J Shaw 


2 




J 

1 

S! 

2 
1 
2 

X 

1 

2 

1 

J 

■2 

!i 

X 

X 

1 

a 

2 

x 

X 

X 

X 

X 

2 

X 

X 

1 

X 


3 

2 

3 

X 

3 

2 

3 

3 

2 

X 

1 
1 
3 
X 

2 
3 
1 

8 


In'iiw in myiiiiy hi I illi i lull 
If uny ililliiinil, liiil tlnuiKii 

I iisIIikIiL ami limn, mi iiiiil IhimI mu I xlniil 

I’ll >U I laid, m (mill lu Hilt i 

I I IIMl Ikuvui 

luhl liahlii ami liman Hun Miiiiul 

1> 11 Hi III III II I 

I nil mid 1(111111 min Imnv wa\y uuilmm, 
I hull wm-Juul iipul liPiiililma 
Im main I In nil i in Klidl nan (niuii I a 
Si i mill siiuiimi 

I'liiiiially iifniMil liul 1, nllnii uIniiiiI 2 hi 
dniul lhi u iiaauiiinl ngiidikiiL llial numl 
min iluiufiii 
In i olid iiuiia mil hip 

(kuui HiuldLiiiy, (.\iilnsuin-liL(, tin ii a vuilnit 
waving 

Two hIiiukh, linn imnlly n Imiil mul mi uplift 
*4 1 mul Miiniui 

Wile iinlunl a pu lliaiiiniy nhiikuiv 
I’m lml iuUi minim ul i oi 2 i hi mud iiiudi 
hIiohrii 

InlnvuT nun nol <aiflUaiit to nlluiv moving nb- 
jopIh la nano to nil 

Hinnifl ntionnr 
tUkwwl by liinnoin 
AIkiiiI uium 
Himiul nil mini r 
Flml Hliaiinn 

Almost (oiiluiuoiui, ouuiiid did maul ilmuono 


Nolnl by novuml ponplo. 

Hmiiul Htiouim 

Hurt mil m idle, imnnil nnnu nuio 
Hint huiiIi i, mi unity unrnlolii 
Im, I In ii iimiifci, Hu n llnulilii 
HihI luuth i 
2 oqimalP nlinulu 

Rpraml Hlianan 
llijlNldiwnyii, knond uimnul 

llul piiiloiiacri, wllli nermidaiy maxima, icnnd 
In oiikIiL (burn oliliamyi mid nnhd inllui 
nlii upilr 

bn olid itionifor 
Kind Hbniigpi 

Tii mm, Uipii dldtlml hhupb| Ihm ilulralahoaL, 
Hum bmuii 

CHiiilinuuui iJiuko wllli 2 lwa\y i»iIh. 

Suoiul aliiniHu 

Hhm>k ennui iiichUaly, rilmlnblud. Him al n 
wmud Jull llin ilibiuMiya (111 

fkmnd abPimnr 
Hi si nUongu 
boonud nUon|Lr 

Frit an 1 oonllnuoua vibiaUoo 
Second (monger 
Booond atannooi 
Hnt alronnar 

Oontlnuaun ahoak. light at flint, flnhddng with a 
hard alioko anil Iwlal 
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£itl m ebaumPuiu a * talks number ty mum ia lie earthy umlr tkati —Continued 


Bi^iitrr 




Son Lum Obispo 

9 D Ballou 

S 

do 

J R Wiliams . 

S 

do. 

KI B Venable 

2 

Santi Maun 

l 1 B Srhinck 

3 

Pismo 

EmmaM PiUhf.Lt 

2 

Lomjioa 

A Utlun 

1 

C K BtiuUoi) . 

j 

Santa Bubnia . 

J 4 Dodgo . . 

1 

do 

d F Itant . 

3 

Loa Angtlcii 

W D Fullar 

1 

Gompion. 

L 4 Rockwell 

s 

4iuan 

A P UiimUi. 

I 

Toluca 

W G Uedduiglan 

2 

Bedding 

L 1 B*iv» It. 

I 

Gulu«a . 

F Roche . . 

Mine 
tlinu 1 

Munlum . 

T J Tailoi . 

I 

Moiyrulle 

U F Watson 

2 

Burner? 

J M Hmiin 

2 

Ouinrin. 

J Jniobacn 

1 

SS9Ld 

S Sthunla . 

I A Nona 

1 

3 

Plunflold 

II O Pm mil Ion 

a 

Blookfc btalion . 

B P Cutlci . 

j 

Knight's landing 

L T Slump 

a 

Saemmenbi 

J 4 Uoishnl 

3 


50 aaeundh long 

E^it taemr, then a arond mmr o vuv, then 
udi*4iiiLlanedlalion,quiti hud, LIildj tiniioi 
Ihitt jiui second, 1 at U k , thud, 1J b> 15 ■ 

Ul toad stronger 
Ont long Musk 

nisi iraduall) imrrurd to maximnin and 
gnidunlly dacianvri Uccond dud oudilanlj 
4bout t minute long 
Second ataangeat 

Fmt olrangiT 

.to il bw lad ban »tiuck by hui) bln 


Shock «auld die out, only to return agnm 
Seroori oUmm 

Fmt looted about 45 h , thooccond about BO 

tkcond ktiunai 

Gbntuiuoui moke 

Gbntuuouo diake 

Flint stronger 

FlmtaUongar 

Flint Htnwgor 

Ikhtitaajjn 

QaciDntion aided m 8 ]nre, with appreciable tans 


FnuoaLo 
Hiun nuns 
Binghamton 
CuliiDhnlle . 


block Inn 

Onkdsla 

Tuilack 

Waslluy 

Ucippif 

ftloiUin 

Finno 

Jim own 

Kiiigdjun 

BuciiUlc 

Vania 

Exlu 

RiLsiUilIiI 

MaAithui 

buoantille 


Deakwilh 


Quiik 

Kiltla 


btuhng City 
Poiadhc 
Allegluny 
Pino (Imnda 
Nnhvillo 
\Vnt Burnt 

PnlliwnH Hat 

lid ton 
Tuoluiiino 
do 


IaGinqge 
Sequoia 
Boirnh 
Knmo Flato 
Gold 


Magnet 
Mono Into 
hnu 
Lons Pine 
do 


L M SlaHon 
Mu A BnlUko . 
W H Smith.. . 

I tntnnini. 

J F Beolt... 
E P Higfar . . 
E 0 Cmfbid 
J L Biown 
W O Caccy . 
r J Be uly 
P Ij hmilli . 

J P Bn] i on . 

\\ I Wiliams 
\ U Lunmiii . . 
M Limon 
\ M Doty . . 

II 11 bUpkuib 

V 0 Giant. 

J tlcAitfaui. 

J llmnham 
L A HamLL 
F Ciuipbcll 

J W UiddlLlun 

V E DamtH .. 
IT B Wancr . 

F W Unv 

W A Uni Ion . 
W E Itelidin 
J G Henld 
I 4 YVihon 
E Tuvloi 
J II VuUiwick 
J I' Tliompnon . 
J E CboiM . . 
J 4 Hammond. 
M ttoLkm 
It Duiah 
Poftmuklci 
T J Bhodea 
J 

E 4 Benedict 
U D Loadcrimck 
do. .. 

O F Unnh. 


S 

SI 

a 

i 

a 

i 

a 

a 

a 

a 


Gtae freight shako, eeiy light 


Bssoiid suooflcr 

Of oqunl otnoglh, intorrnl at a few aatanda 


30 n and ID e , wood stmnger 
Fuat atiaogsr 


Second stronger 
Lnt most pronouneod 
Naul> equal m uluialy 
lOaeeonih 



Not sure, Hmc m a mvelike motion, with ■ 
sudden jar it Uw end 
00 a 


Sacond atiangae 
3 prolonged light dbocka 


Both abant tka anma, qmte henry 

Fmt 'Ar-mpcr 
Fmt heath inetting. 

Atari 



HDIINIM (l)NNK(TKI) WITH TIIK KHiTIHjUAhK. 


An inlpicsluiR lnniiifesIsUoii of Uip uulliiiiuikc was Lho sound which was lionul by 
many people in eonnoclion witli ilio faliock Apixsklnl w a lnliulaU.nl statement ol llio 
testimony beating upon Hus pliononuMimi, il il nun lx* so culled In tins laliulatioii 
llioio aio ipoquLkL HI cibseiv.iLums ol pouple who liennl hounds, williuuL sejrieioiluiK 
those which mo lepoilcd in a siiniinaiy way ns Llu* loiuiiiiui expeileiiee ol "miiiip," 
“ winal," oi " liiauy" [kssimii Ol llicse, III ii'itorl lm\ mp, hiuid soumls lielcnc having 
loll llio shock, 11 lppoil llio sound .is nrcoiiiiMiiiYiUH Hu. hliiHk in comculisil willi it, 
8 honid n Boinul ufli-i llii* nhixsk, and l<) lejioil having hi aid unusual sounds at Uu* 
liuio ol Lite cailliqiinko, williuuL fm llii*i sixYilualnui lk'sulcs llus, lhi le iue H jcpculs 
ol houiuls liaving pieceiLcil alli'i-shucks, om* ease* wlusc Llu> sound was nliscived in pie- 
eedo tlio apoond iIuhi 1 ur ilie shuck ImL mil Uio lust, niul one i .ise wlii'ii 1 humid wus hcsid 
but no shook wob fill 'Llio ciliseivalinns iuo lauly well disiulmUd ovpi llio icgnai 
allcolcd by tliu tJinuk IJcsidn these cibseivalums ul a jMisilive kuul, llusp weio nuuiy 
cases ii'iMiiUnl wheie no souiul whs hraid, nlllin llu 1 imiplc weie uwukp 

Ll view nr Uu 40 positive mul iii( 1 pim>iii 1 imiI nlisei viiLuuis ol sound* Iinving pi eroded 
llio aluK'k, with, u soiiu' iiisLauoch, hixs > ilii > cvidisin 1 ol iu lions uulucid by Llio smuid 
leaving been pngaffil in dm mg the inlpivul Ix'Lween lust luninifc llio hound ami Icelmg 
the shook, tlioic oan lx* lilUo C|iiPsLuni I hut mxiiii! vilunliinis ol Uic an actually piemlcd 
Hip srnsiblo shook llio tobtuiuuiy nl Llio 11 poisons who hoard tho Hmiikl dining lho 
flluxik (loos not oontiavonp that ul Uip 40 wlui licai il it lx'lnip, mu tlws dial of lho 10 
pis sons who do iml paitioulaily hperify Uui tuna lolatmn of Urn ooiiuil to lho hlmt'k. 
Hounds Insiid Ixihno tlic hliouk limy will huvo cinilmiicil lluu llip shock and coma to Uip 
uttpntioii ol IpHi akst imiplo only when Urn nliock was loll Tim llnee obhotvaLlcnis ol 
houmls pieocchug Uip afUs-slmckn nip rounlxiniUYo ol Uu 40 lelpnmg lo Liu iiiuin hhnok 
Tlio ono cuso soar Altuias, wIipip men m camp lioiuil a sound hut lolt iu hluwk, is mi 
mlcs csliiig mul exceptional, Iml oi edible, cnip 

'flu ovulpnco as to Uip character of llu miiiiiiIs ih (iiiimsLisiI mul uiillnriu They 
wpip yibiallmis low in lho hooIo IIiih full suggfHls ail explanation ol llio liuluro of 
coilain iienplo Lo hnu llu soumls whim olluss in Uip siiiic vinniLy oliseivnl them It 
may bo lliol llu vihialians in ciueslUm aio below lho nuigc ul iiiidibilily of smuv proplo 
oiul wtlhin Lluil of oUksh With Huh ijiiPBlicm in iniml, hii iiiipui\ was luldiesl lo l*i ol 
O M SliulLon ol Johns IfopkiiiH Uiuvuuuly, ui ipgiud lo Uip IiiiiiL ol hoiiiuI. ills lejily 
was as followH 

TIip loww.1 limit of houiuI is bo dilhuonlly giiim by diirpieul miphIiauIois ihnl it socuis 
oksir that uuliiulunl diirpipuon play an uiiiurlmiL ]Miil Thu hum is pluprd nil llu* way 
hom 8 In HU doublo vdiialums a apcoud. and llinl may ii|ii(siiil llio lunao of iieiwuinl 
▼analinn, liul mnio pi ninthly il vtuies boLwooii 10 and ill), mid lluwo who llunk they 
hoar as low as M nip iu ipulity homing Uio bccniid partial ol lliui lone, \u, lb d v This, 
of aouibP, applies onlj to Uu paicpolian of toiu, fm of icnoulid slioiks ul a vuy low mto 
wo caa bLill hom Uu sepainlo shook*, ag , pullb oi blows,but tlicy do tut ss >Pt fuso Into 
a continuous Iona 1 

Now if it should bo a fsot that Uu rumbling sounds which pieoodad Uu shook fall 
within the tango of hom 10 to 80 double vibrations pot second, Uicn hom Uu probability 
sot foith fay Piolossor Stratton, tho audiloiy again of bomu pooiilu would lio bchsiUvo 
to suoh vibrations, while than of otham would not 

1 PioTchoi Blnlton nflnn la a ahaplat oa "Tlnfo und Tkitato Tdno,' 1 In IMiahalUla Lehio von dor 
Toni inpfiu lung> n, when, the ^'in—of aoomto dotonnlniHlon and Uio dWxul thlflfl Hat appear 
In «iiiMi liiiuM mi. will Hi Ibrth 
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Anothci intei Gating question to which Ihe testimony gives i ise is IIow do such vibin- 
tums teach any locality in advance ol the shook ? The Mhuiic wavob LiauMso the earllL's 
ciubt veil much mote swiltly than sound-waves do the an, so thal it fa n physical uupos- 
sibihty foi sound-waves geneiated in lira an abovo the seal ol distuiboncc to ou l tench 
Hi«m Tho vibiatians observed n& bounds must, tlicufaie, be ttansruilUxl to Uio at¬ 
mosphere by tiemoii of the pound which pieeede the laigoi waves, and uhioh oil* not 
otheiwise pciocpliUe to the ■«««> oidinaiily Those doubtless oonopoiul to those 
phases of seiamio movements which aio iqooi ded by delicate iiiitiuuionbs ami oio known 
as "picliminaiy lacmois " 


Naau hnd d da lima ^ Ilka dkatJL 

Loukti Eiportar Otaia Kail, ibiuntm, Lima of noae ela 


Fandale 


A W Blackburn 

Same 

Oavdo . . 

Fbrl Btagg 


B 6 Iaiacn. 

0 F Barth 

Lugo ]nopmtion 
afiiHdanta. . 

A man . . 

Ncnilo ano 


Win Uullcn 

Some ... 

Albion 


J Covlc 

borne . 

Fmit Irann 

Fmnl Arena Light- 
houao 

Upper Lako 
do .... 

W W FmibanLs 
dn 

0 M namnumd 
do . . . 

Not nomod . 
Kcepei 

Watanun . . 

Cbvcrdnlo . 
HankUbuig 


II C Balo . . 

U R Ball 

Ifany pmoonn. 
Bmnn. 

BnnlaRomi. 

do 

.. 

UionF Looko.. 
do ... . 

R Walhingtaa 

Ni Chmpbcll . 

do 

. . 

do . . 

Waltlimnn 

do 


do . . . 

Ilia Uayd 

do 

. 

do . . 

A man 

Oolati . . 
Timilu 

. . 

C L Jollity . 
do 

Homo 

Vbov 

do 

do 

Point Bqis 

Bln- 

dn 

do 

do 

A tumor . 

Hi fhiurly 

A iminci 


Accompanying the quake uus u tumbling, 
tooling aound 

Dmi joM piucrrling cailliqualtp ahock 

Tin mne linded BW and a loar no- 
cnnipnmcd it 

Unusual i ■■" lhh ng W nd like* ilni uni I Iiiiu- 
dat, preceding shako, being luu 1 U. 1 L ul 
Gomnu uepmeut ol dibtuiluim p 
Homing iwi*b like hruvv tall ot linil enm- 
ing tiom ocran to ttao west 
ITisi/v luaiuig sound nrecpilcd tho ahnek 
Blow mine quick and lunvj, aocuia|ML- 
uod I iv heavy report 
A lommg mam pw oil to Bff 
A nano in tho boos os tin luuvr wind 
uuo blowing thin tliun, tliui Uu 
i molding iwil off to b W 
Rumbling* before tho uhmk 
Allomlnr l>y gicnl imiibliug nouu, oh 
thundu 
Iluuriioiuiiig 

Iluiil a meat luaimg 2n at 8 n before 
Ihodiopk 

IIimdniiMiinbW. thcnfdllncc/c, then 
bllaliock 

Ilnud wilfcp, ion to window aiul njiciieri 
il Ihni wioik canto 

Ihiuri inming and iu> un\u of willi J 
lirt Ingli 

Hound as of n nliong wind he fimo nlun k 
lEtniil imuuig uul Hurl, "Oil, lluii's 
lIlUHfbl " iNfkiip tlu. sluuk 
jrinul inai fknin iW 
Ilimri ii giml lunnng snurnl fimii Hh 
llinid inai, thi n loll wiiul on my face 


Olenin 

Beduns 


Oilutnga . 

Napa 

Altunin 


Bedding 

Chico 


Willows . 


Colusa. 

DhUcj 


do .. 

V dunvmm 

If Easton 

dome 

Dun Fatten 

T Hull 

C B Trek 

hhmo 

Nolnnmml 

bomLintninannip 

L r Basset 

Sumo 

E N iyhow 

Simp 

A W Behoin 

damn 

nod Roche 

Game 

Nub F Locko 

Copt FiraDcpl . 


ITrairi nm-c in fclir greund, got u]i, lluu 
IlIi ilioik 

Uuuiblmg iioiko pictcdcd onp nCLs i-Jim k 
un Apill lb 

Aiiishinn nuisL hi Imc bhock mmo 
A tumbling, Him came «hnf k 
lEcairi low sound uf cmUniunLi', liul did 
not fori shixk 

Nni*c Humbled n njwang limn, il ]in>- 
oodrd anil outlasted the sliock 
Bumbling sound thiuout lha disluibwin 
bkn hpavv-lailun ungmi pausing linuiv 
Unununl rambling aouml picccdul shock, 
giaduslly giawloudcr, and died nuuy 
with tho shaking 

Bound llku onappioodhinglimn miucldod 
with aliM.k 

Wsa awakuiod by ioai 1 a bcfoio oliock 


II C fiakiuo 


Amin at IP Wia IJimd a gnat 
laming fiom NE , noon tho bllock enure 
from soma diicction_ 


San Finnrisea 
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lUliuiiai 


San VioncMo 

1 J J Sir 

LupiiL llcilluilfuud 
nllui udiii'i'i 

I'm insula nf Sm 

11 VmliiniD 

tinny in imhi 

Hiunusao 

Baa Molio 

II A lSaMuim 

Mi tfaxwi II 

San Tohi> 

Mi Cumuli 

hanio 

do • 

W h Viuisii 

Hi mini rihkI nli- 

HUMlHlIllllkNII’l 

huutH(laid 

I If Suyiln 

II Piikiimg 

rdmi mil) 

CullRIUb Spiiugs 

J C Iliuniiii 

Ilmkiili 

TdH fl iliu 

T Tf hnidi'i 

W S T bnulli 

Mi IaimI 

du 

Sunil 

do 

It II lliddh«!i 

Hump 

Wiiglil, 1 imln 

f> E Davulun 

bMIU' 

Mouth nl 

Obnwuwl 

IImJ IdMko 

l)i(Tini lit imMiin 

Beutl Vallty (Bnn- 
laClus Cnuuly) 
Nniila Ciui 

do .... 

Mm build 

U \ Wnimg 

Wlimflugrr 

Hanla Ciui Idglil- 

do . 

Knsu'i 

liouso 

WiklnS Ikiuv 

do 

Nat immul 

N W of Sonin 

Ghli 

Summon. 

do . . 

ila 

Aim Nuavo IJglil- 

do 

Kuhhi 

noun ■ 

Pnpailiio 

da 

Anna ]m|ilu 

Uuiioiillo 

du 

Nolimnud 


Rnliiuw 
ban Luen 
lull liuiiilu 
Han Luh ObHjio, 
1 mllo caul ol 
NowAiinaik.u(Ila 
blaida) 

Cbynlr 
thu MaiUn 


Unilialf Alrimll 
O A Wui hr 
(I n 


du 


da 

da 


Gilroy to llnlllaln do 


Tru Pinoi 
Bril's Station 


Hama . 

Not nomad 
Not inunad 
du 

Nat iinmed 

Amnn 

Amun 

Vnuouu pet so u 


Nut nomad 


0 ¥ ZolTinan 
. 0 A Waling 

do 


Ht Wimiitfm K Buiun . 
Oriuani Yallqy 0 T Zoffmi 
E nugfaas. 


do 

do 


B 

Bomlpomunu 


do 

do 


do 

do 


I h 


hml, iIiikim uudataiHs 


A bn* lumliliiig iiminli.il initlnpinLi 1 

Nmw niiimiijmiYinR lb* iJkhL. 1111k- 
•siilnildn inn* n<MHintnl with ninui 
•Junk, iimiHdudrly nllu tlu hlimk 
lit aw l mill ilimc wliiiii 111 liMiklin iliuu- 
iln, Ciuiii NW , In fun nliiKk 
Aii iimlpitniip, mmliliiiK mhuhI immnlnl 
v illi In gnnuim nf hIhii k 
11 if INN’S 1 nf I no i|UiiLu mint! hum hK 
mul iliml awnr liimud hnn biHiu isto 
humid i nmpniud lu otuuiimli' id calUr 

HIiinL niiuiiniannd hr liinililiiig, nlki- 
kIiihLm inmiltil Iqt Miimd like n Mail 
I’ll uiiiuilmy him cdim finiu miiiIIi 
N il Miimd In mil hu iiuuii hliiirk, lml 
liiiillkil ’siuml lu uni Just Ixruio cull 
iminn tJuwk 

Sound n of lad hlmm cuuiuiU.nl wlh 
til'd and vuinl of nhulk JaLci in 
tliu day thi i a mi a l uiuIiIiiir uumd In 
me (dml) lull unlikun ih<dnnl dotona- 
linii 

Allnilnm fum dmvn to n Hllglil rum- 
liling nubw 

Afln uvuythiiikim Ainll IBwniniinnlilf. 

hka lliai uf mtlllnr 
Tulin iuIiiui iumIur In NK 

Ituinlilo bribin idiark 

Nun* mi of n vaRnnemsdiiRH IhIcIrp pio- 
acdnl iruynuakn 

tUim.k luiiumiTby imnldiiiR fioni auutli 

Rklhiol nuhn on of In in nundng a 
luklfpi to NW iiihinM i>rm shook. 
lHmlnul lumlilliiR pinnlud sliuak 

Nubia oh of a lml jo mill'd Ilia nlintk 
Hmi'k ikMinml at biglimliig Ilka a aib- 
Lniiuuwi liloul 

JliiinlilluR imho mlm liU-ri wllli nlinak 
Huund iiiNuiid io Imrni Ixm limid 
Nobm hi mil a I In rimek 
Clicol lull Imuil 

IauiI unto Ilka Ihundu Iravnlud nuiUi- 
umiI, dhllnolly luirmlliiK riiaak 
Nobm lioin SK Huamri to |»m ovoi lilm 
Ikniri lanr, homo hemmo fiighlonod 
bolbioriioek lumo 

XUunlilo hmid nil Uua inrion from Old 
(I Hi ay and Rnn HUno lo nolllator Ono 
mid nmn hit, another fioni BW 
Dlatlnol rumldo piooariud aback al Na 
tag's winisy 

RirniUodhtbiollyhaaidbaforolho nhark 
Distinct nauo pooadad shook at Okmip 
Limn Kiln 

No nolen bafmo qnako, but report on of 
bloat bnmodiaiaiy prooadaa aoaond 
(hordat) poriod of vtiintlon 
Bound ao of flight of Urdu rimultonoouo 
vltb shook 

Tho twDoapu__ 

maring sound from north 
Rou lag or nimhltfig sound boglnnjng a 
fair noanda boflum and aanUnuing until 
md of lUohufwnoo 
Bou tarn sound but bribm dmak 

BmnhUu f MN f 
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Nam keeril al Mi Inna of the AiA —Conimncd 

Loadin Blpouit Olnxu.i bad, dmlm timoi mmk (.la 

Modesto E IIi^m A II HolLiiian Shook pnxndni bj rauuig aouiid 

do do II ITinlrc Rumbling vuad 

8torhton do bumc p> uoui out Dull 1 ambling oound iu l |in okIiiik chink, 

ot ilnra* *nu think it pmanilail limn liiuklingt 

Wobtkv W G Cfcnv Ua bloL]nng on Dud lanMo rumbling JU n Ixlmo think, 

■aow on mu mine oat or mow to mo ah it il viu, tbui 
rtwck earns 

Oanmo E Pn hat . lime Awakened by nano hUa looomotive coming hi 

lull fud 

Buila ILutims I A Dndgp Niighlioii Rumbling juat befara idinrk 

Lone Pine, Ne- G F llaisk dune . blight rumbling Bound like wind blou mg 

i ida 

Billant.Inm DC Picked home - . Vnakn and np Tint inrlintumot imlliquakc 

Couiil\ am loir, diotant, and menaung imu 


YISIIILR UNDIir.VTIONK OF TllfG (iliHIINH. 

The eaitli-n ivts genetoted at the fault past thiu tlie cailh's ciuat with avelocity ol 
pobably bom 2 to 3 bio meters pci ar-coml Tho undulatianB of tho suiTano iluc to Uto 
passage ot buelL vra\ i s would be bo a wilt that they would Rcoicoly be obsci veil visually 
Yet theie ie cousitleiablo Icelimouy, of a consistent end independent chaiaclci, that 
much dowei undulations wrae absolved Tins testimony names horn vmioue inils 
of the legion disUnbod, and a gieat deal of it is positive and unequivocal ae to what 
seamed to be the Loot The cvhleneo indiratca that tbne is a typo of wave ui tho (pound, 
in the logion ol high intensity, wluoli has not yet bren bufliacnlly lccogiuied, and llio 
oiigin of which is obseuio Some 20 oi muio observations boning upon this das* of 
phenomena aie heie summanly lccmded 

Judguig liom tlio desaiptiana given, those waves bahavod like undulalians ui waLar, 
with an ObodlalLon nppioximataly nonnol to the suifaco They wrno foi tlui most pail 
obamved an alluvial tmcls, but somo of the lepoibi eome liom disliicls whcio thria ib 
but a tlun vcucci of nlluvium in soil upon tlie loela It it should piovo, on llio basis 
of muio abundant cvulcnca, that these waves aie pouuluu to olhniaUd basuis, tlu<> 
may be explained as lenactions hum Uic loeky slopes ot eudi basins II a bowl of liquid 
be Inpl BinaiUy, vilnatioui aie maiiguiaU.il in tlie ngul bowl whush bavo a bjxxxl bo 
(peat that the eocandaty waves. gpnoiatiil in tlie liquNl pan out liom all pails of tlio 
wall* of the vessel "onsrijly at tho same in->lant BuL tho vconiluy vavn thus gcnoi- 
alod in the liqukl have bo "low a late of piopofpbim Uiat they oic quite uppniciil to 
the oje, and in tho lontiol pait ol tlio suifatc of tho liquul, when tho waves meet, Huso 
lx a violent commotum II, instead ol a bowl of liquid, we have a lock basui hllnl with 
waloi-snlmalibl alluvium, it scans piobabb that a smiilat ellect would bo pinduced 
in a modified ilcgice, and tlio \ liable waiea at the buiface may base had such an nugin 
But wliatcva be thuu ougm, it is niipamit that they must bo aleiga fucLoi in ilomogmg 
bliuetuics situated upon the gioiuid in which they occui, end so leiamg tho opinion 
intensity an an) ecalc based an dcstiuclivo cfiocts 

FreUimta, Humboldt County 03 E Shinn) —My oiahsid inisud up butwpcn 2 and 
3 tact like a big bieakci coming m 

Pcmdak, UumboUt County (A W Blwkbuin) —Thoee who claim to liavc boon out 
of doois when the Bhock camo, btalc that the earth nos and fell like the waves of tlie soa 

Foil Biagq, Mendocino County (p F Beilh) —A man walking along the sheet was 
thiown down lie ie positive the wave hoveled southwest The pound lwidnintinnn 
weio 2 end 3 feet high 

Point Aiena, Mendocino Comity (W W Faubanka) —The giound moved m undu¬ 
lating swells or waves, rising and falling 
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Snntn Ram, Sunoma County (Mm Loeke) —A man saw nn cailh-\\n,vc 2 fu>L high 
Cntah, Sonoma County (C L Jrifiev) —'Dip iiiiIucl or Llio iiiiLh wa\ccl like watci 
Najn, Napa County (l 1 Hull) —'l'luro who woio out or dmira say Lira Hops bcnl ns 
the shock oanra like a wave ot Lira opimii 

Plcnmnton, Alnmctlu Comity (Mi%> F Linked — V l.ulj 11 c .11 Pluisnnloii nlw Hip ruth 
go ui waves like the ocean 

Snn Fiannuo (Mu F Locke) —A fiipnuin aL lira inline house 1787 Wallet KLicel 
said (Ira |{iminil went 111 waves 

San Mateo, San Mateo County (Mi Maxwell) —The iurLli nisi* anil Ml like Iho Bwcll 
or Lira ana, Lira swellb Iraiug ahoul 3 Teel high 
Saratoga, Santa Claia County (Ixiuiso M AlkiiitMm) —Dihlinil waves [msl nvci Lira 
Hiouiul flora noiLliwcsl to auiiLhctisL, Lira oidianl Lives lining ami Ialluig mi mill wave, 
like ships at sea, wlulo lira clcrliw poks along Lhu load leaned this way uml lliaL, aonio 
suoming hIiiuisL Lo touch Ura gnmiul 

Santa Clara, Santa Clara County {\ II ShyiIci) —Mi D.ui I’lckpimg, living a mile 
miuLIi ol Mania Qua, hays Lhai Ihe ginuiul lose nml (ell 111 waves nlxiul a JimiL high 
Olhcis sny lliaL iho meluuils seemed lo Ira niQluLcd l»y n wnu-hke iimliiiii 
Snn Jo*, Santa Clmu County (W S I’iipni) --Miuiy prisons saw waves in lira 
iQounil Silling oul p\aggriali<niH, Llieso A|iiHnipil lo Ira lallrai hum c Ihoii a loot in 
IraigliL Tlra lies! nhsnwi csbinaUid (lie flisiuuop (mm pieaL Ln < ic“>L nl (Ml leel, nlliris 
much less, ImL tlray must have bean gicuU r, (or I here is nn pviiIpiipp whuh shows auy 
such Yoilinol oinoln ns would have lxran pindured by sluiiL woven A guod olispivpi 0 
mil os srmthwpsL of Son Jose diwubeil U 10 waves as puinllrl wiLli eei lam Lieo tows wlueh 
aio uoiLlicasL niul boiiLIlwghL, and Hie waves moved finni lum at 1 ifthL ungkfl In lira Imo 
lowaid Sun Fiai raison Annllrai iramon, 0 niilw noiHiwesL bom Hun Joso and looking 
ninth, saw Ura waves (which ho Hunks wcio ensL ami west) (oiiiuig toward him, and 
liunco towaid Ran Flairawro, liuL nbouL Ura niuldlo o( Lira quake Lhoup were nwL by 
ollrai waves oral Ura wliolo mirEnro imeinblod lullooks 01 cross nena, aiul Ura lioo-kips 
waved wildly. To Ura man Lo Lira niuUiwesl ol Han Joso, however, lira Lops ol Lira ticca 
woio nlmacl mill, whilo Ura LiunkR waved runuously. 

Mondum, Santa Claia County (G A. Wiuuig) —A lady rcpoila heeuift waves Liavel- 
mg Boulhwnrd along Lho driveway, and a man rciioiLs nsnug a heavy wagon inuvo book 
ami fmth novelal Limes, 4 or 5 Teel along Ilia duvewny. 

Cnmjtrail, Santa Claia Camay (V M Itighln) — People oul n( dnois nL Hip Lnno alale 
ihai them was a veiy inpul wave-hko ninlion oT Lira aurlnop nl Lira carUi 
I Ft ight, Santa Clan County (Floia 1C llcpehn) —Mi. Dioeon, mu untfilrar, lose 
and Blood by Lira wuulow, and ho deolaies lhal lira giound ioho iu waves 
Coyote, Santa Clara County (G A Waning) —Near Ooyolo a man lepoiln liavmg 
soon a not IhwcsL-Boulhraat fenco movo m a wavc-hko inoLian, heginiinig al soulhein end. 

Poimum, Am Bemta County (G A Waimg) —Tnwnid U 10 Ciniega I.imo EUna, 4 
inilos south of Jftucanoa, a man iqxuta seeing a was coonung westward Uuu agiain field 
Snn Lucas, Mimt&ray County (G A Waiing) —Went ol San Lucas Ura waves were 
lepoitod Lo havo boon seen moving south waul over the lulls 
San Luts Ranch, non Paduco Pass (G F Zdlninn) — Mr Mills alalod that Ura sur¬ 
face of the giound moved up and down like Lho waves of tho ocean 
Mondata, Fiona County (G F Zoflman) —The pooplo who obacivcd Lho plains at 
Mondota said that they aasumod a wavc-hko appeal anco, and that tho tiaina rose and 
loll ob tho undulations pool banoalh tho tiaoka They also slated that this wavc-Uko 
appeal ance wbb confraod to tho noiLh anil south movcmouly tho oast and west motion 
bang more in tho nature of a tremor 

Vtsaha, Tulane County (F A Swangor). — Tho movomail of swell and fall of wavo 
■oemed atrang 



FATIIO&ENIC EFFECTS OF THE EAILTIUjUARE. 

A cunous uul tatimatflly ti ivul effect of iho earthquake was the pioduation or naum 
Thu was obeeiYcd especially in the legion of (down motion ot the oaith, beyond tho 
none of dmbuetive effects, but ono 01 two can bong lcpoitcd fioiu llio legion ol 
high intensity Tho sicknoH pioduced was in moot coses appaicnlly suiiilai to m-i- 
eiohnm, and nsaiiboble to the swaying of the ground In tho few cases which occiuml 
in tho legion of quick motion, the uos moie piobablj due to noivous shook 

Biief imwiiiim ib hue xnado ot the cases icpoilod, tho theie note piobsbly many o the Is 

At Ruby, in Siskiyou County (B E Madden), intensity III—II, poisons wcio slightly 
nauseated or i endued rtusy, but Mu fealrng past instantly At Uplan, Uhkiyou County 
(E R Dram), intensity 1V-UI, pooplc felt neasiek Mi J II Robuita, or Yuba City, 
intensity VI-V, lopoitn that 5 pcinans an hu place wcie made quite sick In Mtuys- 
yillo (R F Waturn) the hliook caused a dices feeling At Stockton (E Hughes), in¬ 
tensity VI, a considerable nurnba of poople sulteied horn nausea and dizsmcss, with 
hwAftnhn, fm a tune afloi the shook With soma these disagiceahlc symptoms pa- 
eutad all the fallowing day At Modesto (E Hughes), intensity VI, a numbei of 
people woio afloolod by symptoms eauwnihaL like these of scasioknc&s foi scvcial luuis 
oftm the shock Sen Fiancisui (Hiss F Looks) Mia E was nauseated by Ilia eailh- 
quako and left pains in hei heaxt Bernal people wcio nauseated by the motion of 
the giouiul at Fcscadaio, San Mateo County, intensity VIII-VII (Q A Waimg) 

In Bear Valley, San Benito GounLy (0 A Wanngl, intensity VI-V, a mail onL-»f- 
doon tiw™ duay and muisaalod, but did not at tho tune loaluo tho cause Tluu 
the south end of the valley oevsinl poople become dixsy Between Mxnulola aiul Gear 
lingo (Q F Zoitman), intensity VII-YI, many peiaan auftual ftom a nauseating een- 
mtion At OodjQJO, Fieano County (E FiokcttO, intensity VI, the oniLhrpuko inmlo 
soma poople auk at tho stomach At BonLa Baibcia (J A Dodge), intensity III, a 
woman trtio was out-ol-doois at tho time of Urn shock was made dighlJy du*y In 
Qaidnmvdlo, Novula (J A Raid), mtonoily IV, a number of people complained of 
a feeling ot nausaa while Gating bteoklosL at the lime of the eailhquako, but they felt 
no motion At Yennglnn, Neyada (0 D Loudmbick), mtenuty IV-1II, ono poison 
oxpenonced a duay sensation At Lone Puu, Nevada (K 3 Dearborn), inUniuLy IV, 
a good many people when they first fell tho shock thought that thoy woio simply dissy 


EFFECT OF TIIE EARTntJUAKE ON AN1HAIS. 

Mibb Finettc Loake, of Santa Giui, has interested hmsolt in an rnquuy into tho be¬ 
havior of animals at the tune of the ooithquako, and has piopaicd lengthy notes reciting 
incidents which wine leported to hoi os tho cfioct of the mem shock uul the after¬ 
shocks upon animals in vaiious paita of the Oosst Ranges extending horn Santa Raaa 
to Santa Ciui Hm notes, which iofm chiefly to domosticaled animals, form the basis 
for the following summoiy atatoment 

Hoi sea — Hoibm whinnied or snoited before the shook and atampoded when tho latter 
was felt, some falling awing to the commotion ol Iho ground Hmaas in harness became 
flightened and ran away, while otheis atopt and scieamad Some honoa with lidon 
m the saddle stumbled aiul fell, olheu stood end ahivaed A mule —i Santa Roaa 
refused to eat all day A fuma in the some neighboihood observed hm tw moving 
about, whinnying end snorting, and called to hm boy, who was with them, inquiring 
what was the mottei, but baton the boy oonld answm he felt the shock In a 
of 80 hanea on Alabama Sheet, San Fianeiaeo, all ieared, sum ted and jumped bofore 
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Llio slnhk-man, who had jint red them, know Llic cause of llip Uouhlo Ol tlio 30, all 
but 5 bioko Uum luiltcis and uuuo low.uil Uic bLahlc-man, wlio luul lo keep them ult 
with a pileliToik No\«iil Iioims nt llie vuioui ongino hmwnj of Iho Han FiaiifiiK.n 
Fiio Dcpoilineiil birnino (lightened and bmkc away limn Lhrn ilnlls In sLuliles 
generally linws bioko away fimu llieu slnlls, mid home liuLinic lo bicnk loose lay down 

Cnltlv — Oulllc on the lulls eanio down In lows leiels, nmi in hoiiui lutuliUi** did not 
loluin lo Hie hilh loi sane days nliei llie shock Cows in annals war tin* fnuH-hui< weni 
in liiuiiy lucidities llnown (o Llie (pound, ullu'is stampeded mid kui alxiuL wildly At 
Ok'Dia cows in Uie milking coual who Llimwii lo Uio pound nml l (riled am, and as 
won Oh llicy ciiuhl sluiiil thoy hIiuh]kmU > iI The sLaiii|iediiiK ol lows horn llic milking 
coirnl whs iqioiud at nuuiy randies Hevend iiihIhiiocs weio n^iriilnl whine oowa 
stampeded lielmc Liu* hlmek wns h 11 by Iho olHCiver In ollun oiws cows aluut Lo bo 
milkad air siud lo have been iisUeis 1 while the dunk and to liave lam down na soon ob 
I ho shock was loll, snnu 1 gniiig k*ss milk Ilian usual Two cuwh nna Duncan's Mills 
oio said lo liavo diod ns a iisulL ol lira nhciek Hevciol cowm dinpl calves pn'imiluroly 
Lowing oiul bellowing ill Lite cal lie nl llic lime of tin 1 nhock was very euuuiiuiily rci>oi Lod, 
ami in mnw oases Uus w soul lo have ueoiiucd a liLllu liefoie llic aluiek 

Cat* —Vaiious ippmlh icgaiihiig llic lielinvnir ol taia nl lira lunn ol Dm eiu Lhcjiinkn 
nml llio aflei-sliocks mdicnle Dial they liecnmc alarmed Homo rushed alxiul wildly, 
wtlli lug UeiIh ami Ixihlluig I Nicks, some lud in dark eoniaH nml olhmwiso behaved 
abnoimally, aomo riisnpponird for acvoinl days nltm Llio aliock Jn lln al In-shocks, 
cals seemed lo pci reive Iho lienun liefinr piuplo dul, oiul eioiudusl in fright or ian 
At Oleum 7 cals weir nut men for 2 duyti afLnr Lln shook, and In Alamodn aonn oala 
disappcoied loi 3 dayn Romo onniocl oil Lliolr kiLUina 

l)aga —Dogs gowiolly heramo aiml liefoio llio aflor-sliocka, and bailced, whinoil, 
nr ran lo cover ATloi Uio aliock aomo ian away and did not letinii for a day or aovoral 
days Soino barkod at Llio Inno of llio aliock anil ran about willi Uiolr taih liolwoen 
thar legs Many houglil Uio pioleotuin of Iioiihfh anil atayed clou to poaplo aftar iho 
shook Ono flog nnu Han In liana ian about Uio liotuo fa 10 Hocnuda bofoio Uio diode 
woo fell, and then jumped out of on opon wuuhiw (lawn ono ntay to llio ground Some 
dogs wao m an oxoilod coiublion, tunning alxiul vaguely for mmo lnno of lor Uio shook; 
ami Uin waa lepealed at Uio nfta-alioakH OUuub ton BLnughL away at full apood. 
Somo bilchm lnoughl Uiolr puppies to wltal apparently snouted lo than mTa quailas. 
Homo look lo Uioir lieds fa mvetal days aftoi the sluiok ami oUias refused to cal The 
moat common ropoit icgnubng Uio boliavlor of dogji was thohr liowkng duimg Uio night 
pieeeding Uio caithquako 

ClncLma —Cinchona gouorolly ran fa ahelta to Uioii liounos, with llioir wings out- 
atiotohod, squawking 

TFiZd mtmala m cortfnemmt —TJio wild animals in confinement at tho Ghulaa, Ban 
Fionciaco, mouehod and lomainod qniot during Iho shock, but ioared after it wao over, 
lod by the dophanl Tho dophant also toaiod at the lima of tho oftar-ahocla. 
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Thcio oio thico types of laikMidos known in the Const Range* Foi convenience 
in leleienca Ihoy may be dcsignatad as ciith-aidandiis, enith-slumpo, and oniLh- 
flowe The fhal and last of these oic of somewhat. exceptional occuucnce, but Ilia 
bocoud u evoccdmgly oouunon Theta landslides oie of geological imporLnncu at an 
ageno} in the evolution of the gaumoiphy ot the Coast Range* of Culiloinu 

to an extent equaled in tow olhci icgions, anil it becomes a mattoi ot intcimt to appic- 
oulo tlao 1 AI 0 ployed by caithquakoa in pi emoting the clheionLv ol tint agenej Tho 
utility of all llnec Linds ol landslides it lolobod duertty on miliiocLly to tho eaiLliquako 
of Apiil IS, 1006 In oidci to ippiuciate on tain pluses of the lchlion&liip, il will bo 
ot ailvanlage to *lalo Inicfly, in i general way, soma ot tlio GhuaclciitUct of Llmso rlit- 
fciont typos ot laniMulct In doing this, letoicnoL will fntt be marti to tlio mutL cuin- 
lnonlv occumng typo, tho 001 ihrslunip Tho otlun two may thou to oharaolciucd by 
cnnhftsl with this type 

Undoi noimal oonrlitione, oaiIll-slumps appeal dndly as (ciLuics of matuio nlopot 
which oio in adjuatinant to tho radmaiy piocesyca of lain oiosion Thoy aio also found, 
hawcm, as notable fcatincs ot immatuio elopes, at Hue base of which lioiuontnl coi- 
lasion is native, as on scarclilfs and alaoRm-diffb, supplanting undoi coitnin aandiUoiu 
tlio oaith-avalanohe wluoh is ohiofly lound in such situations On tho matuio dopes of 
Lho Coast Ranges ol California, unda piosont climatic conditions, the lcgolilh oi mantle 
ol docomposod lock, on tho nioio common lacbt, appcaio tu be aocimmlating at a some¬ 
what Lula late Ilian tho inin-wash can lcmovo it T1 ib> excessive aecumulalion of Lho 
lCgohUi appuub to be on unpoiLanl fnoLoi in piorlucmg eoiulitions condumvo tu oaith- 
dumpb Tho elunato of die icgion ia ohaiacluucd by a pionouncod altoination of 
diy anil wot season In lho summa tho Bail and i cgohLh on Ihe lullsidcB aio dncd out 
to a considerable depth, in many coses down to tho undcilying film lock, and as dia 
desiccation piocceds lho sod duinks and ciacks Tho ciacLs this faunal pci mil tlio 
icady acccsi of lho oiulv winlci ism* to thodoopa poi turns ol lho soil and logoliLli Tlio 
eoncuitialion of tho ontno lainfall in ono half of die you ib ato nuno conduce o to dm 
satuiation ot the giound tiion it it wcio distubutod dunnut the 30 m Tlio elunato 
is thus a contubutoiy foctoi to the piovolcnce of eailh-alumpb 

A factoi of looal unpoilonra ia die chaiaclri of the undoi lying geological foi millions 
Whaic these consibt ot clays 01 shales, euth-slumps aio much 11101 e lialilo to be mait- 
guioted and to icoui than wheic dm locks have litde 01 no claj ui them Tlio cmagonce 
oF spiings on hdlsidrs is also a tiuitFul cause of earth-slumping wlmc othci conditions, 
pailiculaily the last mentioned, aao lavoioUc Anotlia lactoi may be tho lcccnl sub¬ 
jection of lho lull-slopes to grating and tillage In gcnaal, howcvei, this intufmence 
with natuial condition appoaib to bavo bam conducive to axeexavo couasion and 
sapping, iatha than to slumping Giaiing and tillage 10 b the euiface of its natural 
piatection ot dead gum and othci vegetation, which in the eoily wmtei aeaaon fa*nil to 
lean am tho rapid Row of tho loin-wata and its concontiation in linos ot ooiiasiveaolivity 
Now him of ooirasum aie this inaugui atod, and wheia tho racks bio but diglitly eahaont 
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new grommpine hums, or llie liad-Imul lyin', mr eiolveil wiLli siaiihng 1 ipulily This 
(.niiasivu in win*, h sun id mils c niii|>lii .ilifl by cm lli-sluiiiiuug 

Tlip luliuly ot lailh-sluinpmg ns n ilcgilulnluinul pmctss is, m gniriill, a IiukIhiii nl 
the ninounl ni liuulnll in uiy gi\en season 'IIiiih in lhi> wiuIim ol IKS1I IWK), in whu*li 
Hit i ami .ill win exceptionally heavy, ciiilli-sliiiniis lliuuiiil the (Innhl llangts um 
iiiiiHi nuiii 1 .iiliw* lli.m in si .iniiis nl mu mill uiiulall, ami inuuv now (inch ui u slnilul 
In nil hueli ciuIll-slumps Hie saliinilmii witli wain nl llie Mill mul icgnhlli, >111(1 m snme 
cases nl llm inulcilynii* Iniinaliuus, is nil (•rt'ulial c niidilum 'Hiis until is the umiii 
ugeul in IiMiscumg ni disiiilfgiiiluig llie iimlciinl pir|iiunl(iry In (hi 1 slip It in nhn u 
iiinlne puuei nn ncfuuut nl till 1 Luge addition wlmli iL makes in llu* weight nl the im- 
hl.ilik> muss, mul il is a li.iiisiMiilmg ngcul owing In llie (lnul in plnslu> imlme winch ll 
iniimils In il 

Tim (lifundci nr Ilu* uiiimiiiciiI in nil euiIll-slump is luiLcwMLhy Thcgmuiul iimivimI 
(Imps mvuy limii llie kIajim* in llie limn nl n lull, leaving n lunule ni 1 iiiisc>s 1 iix i ^n]iii|x il 
semp uvei looking llu a himkeii aien As llie muss mmes iluwn, il gcueinlly eiunuuleis 
11 n* iiNislame ul niuie stable |niiIiiuis nl llie sln|io Ix'luw, mul ih Lhus nnwileil u|mn 
ilsi 11 'llu plnslic muss it in lliih wny deloiitied, mul Ilu* dclniumluin niiuninls m niiiiiv 
enses In mi elleili\e inliilinu nl Hie iimveil [mrlum ii|mui n liniMinital n\is 'llm Inwin 
|uiiturn is lluusl nm llu* passive ginmid nl ils lnwei uiiugiu, mul llu* slniu 1 nl llie hui- 
laie ul llie uiuyiiI [Mil is f*nnlly diminished and lit nuuiy ilines irveised ltd ween Uu* 
i excised slope mul llu* him ling sciup u dcpiiHsuin is thus Iniuinl whirli may luiume 
a iNuil llie rluuigr m llu* slniu* IIiiih (hthskiuimI gives imp in Uie ImuMule leunre 1 
Hu 1 ! kind ul uui\euirul mn\ lie slowly ( a nnUuiHiii , i fui iinisuleinbli* (u i umIh, hi il ninylit 1 
hllul, (leiMMuhiiK iiiuiii llu* supply nl wnim In n slumping unit llu iium*im*ul may 
lie Kfirnicil at vmunix levels, giving llu* Hlnpo nil u regularly Hlrpl m Iciionei^piofile, 
mul ii the iiuiveinnuL lias lm*u lerenl, 11111111*11111*1 ciuelm mul (issinrcH liaveise those leiluecs, 
puiliciilmlv whine they bienk nvmy lunii Llm iippm liniilmg scarp. 

llie liislnlnhty nl llm mass w mi cmnilud lenlme nf llie nulIk-Hhinip .When noL 
ndunlly nmvnig, lit uinvemeiil it iimniueiiL nl all Ilium, lint willi viuying degrees »T 
inuiiineiioe, ilc[M‘ii«hng liimu Ideal niuihlinus This mslnlilhly mul liiniiineiice nl move- 
urniil is lnu> ol uiiuiy slopes wlune un nelunl eni Unduiup linn uppisued, lull wliert* movr- 
nienl limy Ik* nuuiguialecl nl miy tunc* liy iui exceptionally lienvy winlei nr by ruimo 
oilier piecipilnling enusi* Hevrrn em Ui(|unkeH cousLilulc one nr Llieso iiiiKipilnLnry 
emi*VH ThmiiuL llm Omwl lliuigiN nl Cnlilminn Uui small residual slnbilily ol ninny 
cai lli-slumps wns ovncnnir by llie vUnnlioii ul (lie giuuniL nl llm lime ol Hie emllufunke 
n( April 1 M, nml they weie caused la dump frowned In mmiy nllui msUimrs new 
emlh-sluni[is wine slmlcil, awing to llie saina geuoinl enusc HcsuIch Llie eiullwdunip 
nmveincnls wlueh wi*i<* lira uninedinle ellec L of (lie i*iulli<pinke shock, lime worn douliU 
lcss olhcis winch weie uuhieelly leleinblo to llie mine euiuie. As will lie hluiwn in mi- 
oihei pail nl llus lepcnl, one elleel ol llie outhcpiake was lira dinangenieiil ol llie iraiinal 
iiravenmut and nnmuiiL of flow ol uiulergiouiul woleis, Ihe gencnnl losull liemg a lein- 
ixnary mcicasc ol flow Inasmuch aa many oulh-filuiiips depeiul lor (lieu wain u|kiii 
sinrngs, Uino enn Imi lillle cloulit dial Ihc iirareaiwil flow lud ils elleel upon llrase, mul 
pronralial llieu nclivily several ilayn 01 poosibly weeks allei lira shock itself 

Anollici wav in which lira shock concluded lu tho aelivily nl omllHilunips at a loin 
dato than the shock itself was liy opening craola nncl thua lomleiing lira ileepei (milions 
oT tho uinUilile mass moie accessible to tho nuns ot lho following winlor The movo- 
menl of eaiLh-olumps nl lira timo of tho outhquakc was abnoimaUy loige and sudden, 
thus leachng lo tin* (lovclnpmont of numoious open einoln, not only in the landidulo 
inoim, but aloo in the suiinunding alopca nhovo U10 limiting Hemp Tho olloot of thu 
‘SoaU BOB Monagiaph,I, Tjh *Uonnovilla,by"O K QDbortiii 88 
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would inevitably be the enlaigcxnent of the moa ul the elide in the net season ttmi- 
ilaily on many dopes, pubcululy at ]jointe not fai distant fiom the Bift, numoious 
crocks wlic opened without actual dumping of the giound oceuuing in consoquencc ol 
the shook, but tho conditions wcie thus pinvulcd foi tho slumping pioccss the following 
wintci Duiing the wintci 1000-1DU7 many such slides were icpoilcd in a gcncial way 
UntoiLunnldy detailed nifoimotion as to thou ocouiunee it> as yet lacking It h to bo 
noted that on exceptionally heavy lunlnll canspucd with tho conditions oslablidiotl 
by tho oailhquakc to pioduco the so landslides 
In the t}pe ot landslide thus lai considered, tho contained walci, which is aL oneo in 
pait the causa and tho means of the movement, acaumulatcs relatively slowly, and it 
vbiicb with tho season, tlune being usually a moie a less fine (homage fiom the lowei 
poition ot such slides Thoia are, howavei, othci landslides which 010 duo to a relatively 
huge and sudden accession of walci to the unconsolidated malciiala of a slope Such 
sudden aecoMons of walei may be conccivod to he pioduceil in a vaiiety of ways, such, 
foi example, as a bo-callod "cluudbuist" in a dcsoit canyon, tho dopes of whioh mny 
be hcavil} mantled by cailh and loose lock, a tho hicnking of a beiiici winch lotuns 
a bog oi othci bod} ot watin Foi (he picscnt puiposc, how cm, which is not that of an 
exhaustive systematic discussion of this class of phenomena, it will be sudicicnt to take 
note only ot watci which is expelled hum (ho guiund by the completive action of the 
caith(|uahc iJiock Such lamMuks may bo disciinunatcd fiom caith-slumps by lcnson 
ot their gioatci mobility, under the dcmgnntinn eailh-Jlnw Eailli-flowh difhs fiom 
caiLh-slumps not only in Ilia much bugci quantity ot witci involved in then mechanism 
an a moving mass, in tho suddenness with which tlio watci becomes cffioicnt os a tions- 
pmling agency, and in tho lapulity of tho movement, hut also in tho lnovily of tlio 
entno pioccs*, its finality, and its non-iecuiicnce 
Bceulcs these two t} pcs of landslides, tlicie is at ill anothci, which is immediately aeso- 
ciatcd with earthquakes as a cause or movement This is tho shdo ot diy cm 111 and 
lock upon precipitous dopes oi then fall from clifis Hoil m othci loo«o foims of caitli 
may pailicipatc in auch laiulslulea, but Ihc matciiol is usually compobcd chiefly of reck 
which becomes increasingly dinltcicd with tlic piogim of tho dub Such lnnddules 
will here be lafcuod to as cailhranluncheB Thoy me distinguidicd from both oeith- 
dumpe and earth-flowe by tho chnioda of the maleiinl and by tho ab'Cnco of water 
as an essential factor in pioduamg movement They also diQci usually m the maikrd 
acdivity of the dopes on which they oceui They diftci fiom caith-slumps, but leacmldo 

eoilh-flowe, m the finality oi completeness of tho movomont Thoy are not piogiCMivo 
movements, but sudden events, ami there is no iccunenoc of movement of tho matmial 
involved, altho tho asalancho may iocui at the same place 
Besides these Ihieo types of landslide, anothei ought pci haps to be lccogmrcd This 
is tho foim of eiipcificiol coith movement which oceuued m consequence of the eaith- 
quoke shock on the alluvial botlam-huub of many *(ieanis It may appropi lately be 
designated an mlhrbach It vance fiom the opening of a mere ciack, with a alight 
movement of (he giound on one ai both aiclce, to a violent and complicated dcfoimation 
of the am face, usually accompanied by clocks and open faunas paialld to tho bond 
of tho noighbonng abeam bench These eiacks and fisemea out the giound up into 
ebipe oi piisme which luich towud tho sticom ticnah, or, it may he, toward an aban¬ 
doned slough, the lrnoh usually being aeeompenipd fay a rotation of the pnem They 
aie distinguished from all other fauna of landslula by ooounmg an pmfectly flat giound 
and fay the fact that they are appaiently lefoiahb directly and aolely to the honaontal 
jak of the ruth movement duiing the cuthquake shook 
A bucf account, which m aomo cases amounts only to a mention, will now bo given 
of some of the vuioua bade of landslides act in motion by the earthquake 
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EAUTII- V\ VLVNUIlte 

Rirlh-av&law lies wiio uumhI clirafly along the bcn-chlls or tin (imsL an Ura iiinnuug 
ol the eaiUu|iinkc, Ilia sumo alsn me uuecl mi siis*p eimjniis witliTu Ura aone ol high mlen- 
bity On lira 00.1st Uu* cut lli-avnlniu lies wen* lin 1 he must [Nut simply iui c\is*plioiiiil 
inuilcnt in tlu 1 iuiim.il pinress at dill iccussicm Wlieie the upland ol the UimsI Ranges 
npinonrliiib lira slune, lira lum/uulid con.isicui ol Die waves nuiiuliuim a bleep hcn-clill, 
ami Lhe ipocnsuiii ol the scn-olill is elleclccl h> lira lepinlul CNeiuipirae nl eni lli-avalauchcs 
<lne to lira unde*! mining by lira sea, ecimliiiiisl with tlu* disiiiLegniling action of nlnuis- 
plraira ugLiicics Tlieie an* thus always ilium lira Ineo ol Liu* dill masses ol eailli in 
luck, Iho loll ol wludi is niiiiiiiieiiL anil may easily lx* piecipilnled by a m*vuk* duxk ol 
coi LliqiuiLo 

Tlra musL notable of Lira caillHi\aLuralras<xiiiiieil wlraie Lira msw tills me hlgliPbl niul 
hlcupesl This. linp|ieiib on Lira eousl ol I[iiiiiIhi1iIL Cninily, lx*lweeii (h|xi Meiulneiun 
niul Point Dclgiulii NnL only an* lira ihlls Iran* pnitiruhirly ravninhle loi luge eaiLli- 
avnbuiclun, liul Ura cnnsl hen is elusi* to lira line n( lira InnLL which eunsiil lira ecu 11 1 - 
quake, and so leeeived an e\is*pUoiuilly K*vrie slinking JAn inanj iiuIch ol nmsL llu*ie 
was n gisieial dipping ol nxk and eoilli min lira sea, down veiy piiraipiLnus sciirplills 
Hinging up to ovei lift hi lieighl lleLweeu Hlrallei Cnvu luul hunt Aiena, (In* 
siMrehlls oie rail mi high mu so eiiiiLniiuius, bul Uu*in was novelUu*Ie**i a vei y geirainl, 
•nul Ideally Lugp*, Hhedding ol innLeiiid lioin Uien faeo, niul Lira oea uus muihly lor imuiy 
duys nflei lira eniUuiiinke in eimsoqiiriitf of Lira ck*|if Iran nl Ura (Minis upon lhe dune, 
within range of Ura all nek ol Ura wnvea 

Fnnn I'uinL Aienn souLliwaul to Full Rowi, lira elilla an* low, 1 icing lor Lira nuisL puil 
not m cvecsH of l(X) loot EiuUi-avnlairalies weio iravcillralivi ol eoiiiinnii cxiiunuiao 
along Uin slreleh of eoasL Houlli ol J*'iiiL Hush to Doclega llciul lira ohlla me ngnin, 
as lar as lira uraulh ol Ura Hussion Itivci, hovcioI hundred lift high and very slisip 
line ngnin eaiUi-avnlanilras weiu extensive Tim roeks along Uus enluo Hln'Leli ol 
coasl ficnu (fyx* Mcsulcraiiui to Itodega Head am pievuilingly Miiulnliuies anil aliales. 
On lira seorehlls cm lira nmLU sulo ol Molinas liny anil wesL of lira Lown ol Ikiluuis, Uraio 
was a vciy geneial eiunililing and Tall ol Iho wiarelill u|uiii lira lunch HouUi ol Ura 
(iohk ‘11 dale, Uu* uuist iiulnhlo eniLlHivnh&iralras weio along Ura seiirelifls lielwcon Ura 
city and Mussel Ruck Una elilt lias a length id alxiut (I iiiiIch and langeu in lieiglil 
ficmi nlxniL 100 feeL up Lo 7(M1 feel, anil in eul nliiinsl wholly m Uu* slruLa of Ura Merced 
(Pliocene) hciu<s, wlueli nia uraluusl at nugles vniying lioin 15° lo 76° Tlra locks me 
for lhe uuisL (MU l lnllici son niul niroliuic*nL, Urn Uinre am uuiiuunin wrll-cfiiraiiLecl 
hi nl uuluinleil Usls hi lira seiran Him ehlf eonveiges on Lira fault ill a Niuall angle, ami 
uiUnseels ll nl ils south eiul near Mumel Itork lira olid was seveiuly shaken niul grral 
i|iiAiitilu*s ol eoi Ui and loek weio caused Lo loll oi slip down lira giml eaiLlwslunip 
al Mui*el Rook (Halo 130c, n) was aim notably aeedaated A raiuilai hudileu 
movenraut of lira gmuiul ou uued on lhe west bulo ol Mmeed Train, wlraioliy a large noc- 
Lion of Ura dope sank lowaul niul into Ura lake, and a portion of Ura bottom ol lira lake 
was liftod olwvo lira huilarc by Ura deloimotional lotation of Ura ooUapspd giuimcl 

To tlra oouUi of Mu*m>1 Itaek there wno sovnal small earth-aval anolus along Ura 
clifls, and nuniaouB macks wme fanned Irani Ura brink of Iho oliQs which will hi fuluio 
iloublleoB load lo ruithor folia hom Ura elill-face Naai Ban Pcdio Point tluuo was a 
Inigo movement of Ura eaith an Uu faco of lhe high ditf One coiUiravalanolra to the 
nniLh of Uu DoviTh Slide ataiLod olxml SOU leal above lira slune and awopl tlra faoo of 
tlra eliH, eaiiying away aavand bundled feel of loadbcd Tho ooeuiiod near Uu 
conlaot of sandatoniOB lopoouig on gmmto, and both kinds of took weio invulvocL Bmalhn 
caith-avalanchiB ooeuiiod faithm oouUi on Uu unoi-eliHk. 
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Inland tiom tlic coa«t time weic numaoua cailh-a\ Blanches cau-cd liy llio cat 111* 
quake on the walk ot sin p canyons Ono of tho mast notcwoi thy ol these wo* on tlio 
noith sklo of a tJnut but ilecp canyon west of Ohitlcnrlin and rkibe to Ilia line ot llu 
fault (Plato 120v ) The locks composing the sido of the caiqon me the bilununous 
tholes of tlic Montuov seiica The stoic uses veiy steeply foi about 500 feet aiul was 
quite ihy bcfoiu the aailhquako, altho it was covcicd with spnng vcgrtalion Aiens 
of hue lock appealed Ihiu Urn vegetation At Llu. tune of the shock oesoialcailh- 
avalanches ucio stalled, and these slid pudik.nlv down the dope, pail of Llu* maleiud 
filling Ilia lxiLtom ot tho cans on anil pail leniaiiung on tho kv> stoop lowci portions of 
tho blopo Tlu. 1 huger masses wtic luoken oh up ncai llu* Inink of the canyon Tlioie 
was appaienlly little 01 no lotaluin of tho bluling mass The icsult was to goigc com¬ 
pletely tho lowis pait ot tlio ennyon with look (1 flu is, to widen the uppei poit of tho 
canyon, and lo expose exlenbno aui Fares ol umicalhucd lurk 

On Dcci Cicek, ui the Santa Ciua Mountains, an extensive eaith-a\alanche stalled 
neat Gnnly Rock and moved wcslwaul down a steep, naiiow canyon foi aliout 0 25 
mile (Plates 134n and 125\ ) It then changed jIh couise llnu an angle of aliout 00° 
as it cnlcial a widei canyon ol lowei giadr, and tnllowiiig this foi anolhei 0 25 nule, 
finally slopL at the Iloltmnnn Shingle Mill, which was marked A hno giowLli of led- 
wood, somo 200 feel in height, was mowed down, and coxciod to tho extent of 10 oeios 
m nuno witli fiom 30 lo h0 feet ol debits Tlie Urea wcio horn 3 to 10 Teet m diamelei 
The main ennjon was filled witli eailh ami lock lai an axeiage width of SO ynids and 
a longth of 400 yauls Tlio onLne aicauf Uic slide was ahoul 25 neini Tlu* dilluicuci* 
in altitude belwecn the point wheiclhc Mule* hlai Inland the slunglo mill, wheioit slept, 
is 500 feet Acooiding to Mi O A Waling, the dale maleiud has a depth of 300 laol 
and ib composed of ooil, clay, and shale Mi E P Gamy, who examined and pholo- 
giaphad this lntcicstmg caith-avalanclic, htatw that it migmatcd in lock that Inolce 
away in pieces from tlio steeply liiclined slope at the head oT the gulch, leaving a huge 
theatci-like space, the baio, liglit-colounl lock walls of whidi woic m duup eontiast 
with the suiioundmg giccn vegotation Tlu movement win raslci in the renter oi 
deepest put of the goigc than on tlio maigina Tho lock was in gencial piled up lugliei 
along both Bides than m the ccntci, and liionj pieces became entangled in the slnnduig 
at upiooted ttcaa A btcop-wallod tiibutaiy to the southeast of tlu main gulch hupplied 
lock matciial to tlu mam avalanoho, and the 2 sticoms jouud much as confluent glocuss 
do The mataiial involyod in the avalanche showed cvciy giarlatiun lioin |xrwdoi Lo 
ongulu pieces 80 feet m moio in diomctct The cuiloco was uneven thiuoul Nesu 
the mill a man whb killed b\ a tiee that lull aa the avalanbhc waa advancing 

Mi Cnicy ako icpoits onothoi raitih-axnlnncho locatal un the Petty laneh, about 
4 nulca southeast ot the one jubt dewiihul Ihno ahuge lock mass, which omlnaccs an 
uoa of about 12 acics at tho hculwatus of Coulo} Gulch, biokc away fiom a ledge and 
diopl, leaving a veiticol seup of 40 feel oi mote The look mass in thu ease urns not 
bhattcicd It poetically maintained its mteguty The naiiow guloh below was un- 
favoioblc loi lico downwoid movement Aa the block readjusted itself, itb uppoi suifooc 
become neuly level, but was lowci at the toot of the acup than at its oulm edge, thus 
indicating that it had sutfcied lotation 

At a point about 125 miles west of the Mind ego sink, an the ranch of Andrew Stengel, 
an euth-avalancho u lopoitcd by Mi Albert 0 Hcuo It is on a amall tiibutaiy of 
Alpne Cioak, and about 1 miles aoutliwast ot the Son Andieas fault at the point whcio 
tlu lattei crosoea Black Mountain into the heed of Stevena Cicok Canyon Tho Ciook 
hue m m a naiiow, stoop-welled canyon in the bituminous shale of the Montuey ouus 
The soil on the canyon side was very shallow, and at tlu time of the euthquako it whb 
shaken down into tlu bottom of the canyon, leaving the walla absolutely bate m plicae 
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lot a bundled youls al a si i etch 11m sink: evlemls lui 0 25 mill 1 mi Imlli hides nl llm 
caiivoii V siimlai eailli-uvaliinohu was eausul liy llu* iiulhi|iiiku mi Liu.* ranch ol 
Jmlgu Welch, tuil lai limn laiug HiuIjf* and within J links nl Muni ngu Kli Ihsio 
iqxnls Llut lu*io the sml mi llu* miilliwcsi suh nl a miiaII ueek luimiig ilnwu ficmi llu* 
Caslh* Hook Itulge, was sliakui iluwu Ini |X'ilm[is 05 mile, llin uni continuously In 
lilnuvb lliu hlul uulciial IillisI up llu* c i c*i*W-Im > iI mu I Lolullr ih.mgrd tlu* eniilimi U 
ilestia\cd Llu* imill Id llu iaudit's Inillui up llu* eunyuii, uiul \vi cektsl sumr budges 
Along llu* up|M*i |i.uL nr Llu* ohm. ulli*iUsl, a vinryuid was di*siinYrd, while Inrllus ilnwu 
Llio umyim a lu*uvy liiiesl giowlh, consisting liur^Lly nl msIwiiikI, oak, altlei, mul larncl, 
was obliterated Tins sink* lus m tlu* ]MilIi ul llu* Sun Auiliciis luulL 
Mi Hum* luillici 11 ‘iKiils a Luge slule nu the Mimlegii Uiuieli, 20 milch snulliwtsL ul 
l’nlo Alto Hcse, nu Uu* luiilh suh* ul Aliuue 1'ieek, a Liacl nl siinic IK) urn's smile al 
Lho lime ol llio cui llupiake, wiLli lillle oi no uppmenl Imwmd iiinveineiil Tlio LiaoL 
sloped Ln Llu* south and west, mul Itniiusl [hut ul a gieal, nix'll lull pnsLuie, with Linn 
anil uiuh*ibiusli about llu* Inwis m ous k suit* Tlu* cieuk-lxsl ilsell ih fillisl mill a grawLh 
ol Douglus h[iiuni ami ulliei lives The liuul, which lieloie llu* curlhquiiko was sleoiily 
maimed, is unw oompaialivuly level, llu* eastern mul mullieiii ]huL having sunk poiluqis 
100 feel, wluhi Llial on llu* wist lius sunk but It) or 15 leel llu* suilara ul Llu* Hunkist 
UucL was gieally beamed and narked, mul (Mill ol ll was lluuded, owing lu llu* spraigs 
iincovciwl, bul oUieiwiso il was mu limigisl in apix'Hinnee Thera wan no idling up 
ol emlli, noi duluig ol one ixii lion nvei muilliei A lenn* oinsl llio liacl, and llu* ixisli> 
on il sunk so Uiul inil a lew inches piulituled abuve llie suilrne, while some Douglas 
hpiuocs also sank several leel mUi Hie emlli. A uuiiibei ol cullh* wmo on llui land nl 
llui Limo ol llu* eaiUupuike, bul wise uiuiijuieil II waa a wink ol gieal dillieully Lo 
lemovo llusii, liloek mul luikle being msswaury. Tlu* eicek-luHl waa apimicntly mil 
airecleil, uni wne Llie Uces m il (listmlull Tluse was mi npixircul nioveuienl ol tlu 
eailli mil) llu* eanyiui, Inil llu* whole hiush sissus simply hi have lxs*u diopl fiom a shs*p 
slope Lo a neoily uiiiloim level, suiiinnuhsl by Ihe high, hlmik, aluuisL peiiusuliculai 
walk ol eailli ami look lioin wlueli il luul Ixssi smuleinl 
Mmiy otlus cailh-avuluiirhcH ol iiiuuii mi|iinLmiee wise emiHcil by llie cuilliquuko 
in various pails ol tlu* Santa Ciua Mountains Al ILukleu Villa, 2 miles mirlhwesL of 
Slack Mountain, lmge bhieks id iiukme ie|Miileil hi have lolliildown lli(>*<la|ics. Huso 
wise nuuieious ahiln along Hlcvuns Cheek, duo chiefly lo llio eiiviug ol the eieok lnuikM 
Along Llio lulgo iikuI Miulhwesl ol Hh'vcsis (heck, sandstone lilockx, huuii* ol Llusu G hs'L m 
duunolci, lolleiL down llu* lulls lowaiil Ihe eus>k Neai Hall Muon Hay considerable 
mawes at giamlc wcio ihsloflged on a alcop nlopa (Plate 12 lc) (hi Uu* unul along 
PilaioiLos Cicck, mi cailh-avalaiielic hi ought down lug Idneka ol inuidshiiu* upon Lhc 
load (l*tolo 120n) At Doublet (heck a lmge pailum of llie null wuh idiuktsi Iinmi 
fiom an nbiupl lull 150 leel high, mul lell lo Llio lovel of the eieok, ciinylng lieca wiUi 
il Al llie nor Lit oral of Ben Jxnuuud Mouiihun, a dido cm i usl tnsn ami liriutli down 
to lho cicck Norn Olivo Hpmigs, 12 iuiUh noitli ol Hanta Ciui, an emlU-avalmielio 
dcraohslicd fjonui Pi iota Mill and killod aovci al men Al many pioem on Lite aoulli ddo 
of Coilo Mailcia Cicok, huga manses of lock had boon tin own down lroin Lho sloop ldulla 
mto Uio load, eomplotcly blookmg it About a milo bom tho Bunimil of tho mlgo, whole 
the Alpine toad entas tho Pago Mill load, a dido carried away tho on tho loadbcd lor 
a diatance of about 800 foot On Piniadma (hook a dido filled tlio load for a length 
of about 100 foot, anothm, between 035 milo and 05 milo long, danunod tho amok to 
a depth of 25 or 80 fact Aim go dido date to Wright Station partly danunod fhoati cam. 
On the wuBtom dope of tho ridge Just wort of Skylind, aavuml emth-avalnnchoa woro 
oaueod by the diook, and gicat didos of a almllm oharaotoi ooourrod on both niloa of 
Aptoe Grade foi 075 milo Booidaa thooo, thae wmo many auutUor oarthravalanohoa 
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m many p«ut-> ot Iho Sonia Ciui Mountains which can not be enumcinieil Them wcie 
also smeinl such slulu am the giamU* dopes of Mbntaia Mountain, farthci noiLh in Iho 
San Fi anoi-Mio Peninsula 

In the Coast Ranges to the noitli of the Bay oL San Fiancisco, cailh-avalnnchcs wero 
not bo common away fium Uic coast as they wau in the Santa (Jius Mountains Tlieio 
wcio, howciei, Luo notable ones which dcscivu mention hcie The hist ot tlicsu istho 
ifiuwimi slide, b inilco east ot Iltaldsbuig iPlata 124v,u) Tlio slide is abnuL 0125 
mile wide at tlio top, und 0 5 mile lung The lock is a btiatihnl volcanic tuft, and the 
blip was down tlio dip of the beds The u\dlnnrha cut its way thiu a hi Uncst and 
dammed Mammiiia Cheek Tlic otliei ib the (aith-aialnnche which, on May 1, 1000, 
dammed Cache Clock tu a di*pth of 00 Icct at a point 4 miles below tho conQucnco ol 
tho noith and south blanches ot thu ci&k Tho i« k whu.li fell u> led sandhiona Iho 
width of tlic slide ib 300 teeL and its luight w 5UU foot Tho dim Uius foiiuuil bioko 
one weak lalci Tins caitlv-a\ alandio eon not be so dncLtly lotciicd to tho cat thquakc 
ot Aptil 18 as tlic olliois licictoluic duciibcd, but it was piubably uulucclly caused by 
tho bhook 


riuni-uiuuFb 

By fai the most oomnum manifestation of lond-Julo phenomonn was that lioic icluiied 
to ns eaith-slump It would be wcaie-omc to nltompt to mention all the mu ions cai lli- 
dumps stimulated bv tlic onithquokc, even if infoimation wcio sulhaiontly detailed to 
make this postablo Only two ot tho nioie impoiUinl elides which have coma uiului the 
obbeivalion of geologists will lie noted 

Capo Foiluntib mth-dump IF E Mallliob) —Tins lamlslulu, immediately boulli of C.ipe 
Foilunob, ib by tai Uiu mast extensile ono on tlic nmtliaiu coast 0«i plalo 127a, n) 
In Mhj, Ifldb, it piajoctud into tlir nee in lm alioul 0 25 mile, hko a huminocM headland 
of niuguliu ou 111 nc, nulrcil, it lainicd a new capo on the euasl-hne, buL will doubtless 
lapidly bo cut back liy die action ol tlio w j\ob Its length, in Uui duoctiou ot itb movo- 
niont lowoid tlio ocean, is (hi muled at htlk Blunt ol a mile, its width snims horn 0 25 
mile to 0 5 mile Its total descent, funn tlui buinmit or Liu 1 higlioi scai|is at its head to 
tlic level of Uic hua, is piolulily loss llinn 5(10 lisit its suitacc ib exceedingly uirgulm, 
with many bugp humps and luilluws Ovi i Inigo aicas tlic nod is mono m less lliytliiui- 
cally biokrn In deep nocks extending aL light angles Ui die dncctioii of movement 
Tluxo uneks aie only a low foil npuit, aiul llu* sod-blocks hclwucn them lie niiislly in 
tilteil altitudes, making Ilia men om ecdiugly dillicull to bayeise Tlie gvneinl as|x > oL 
ib not uiiliko tliat ol a much uovaNsed glacuu In Home places, howovei, the moss seems 
tu liavu been loin ofinil so complelelv Hint tlic sod in nut mcioly bioken blit almost 
swallow si up oi buihd, Lhr Inuwns aiuL yellows ot the uiulei soil Ix-mg tlic pieviuling 
tints Aiouiul its licml aie a liuiulx i of bleep hcaips, fioiu 100 to 200 leet high They 
aie especially inoniuuut on Uu noitli hide, aiul again lownid Uic southeast, liut o\ii 
coiisuleialiU sLi etches lieLween then? (wn sets, tlie bioken bUitnco of Uie slule joins Lhe 
iiuhiokeii hillsides to tlie orsL without siguihcanl offset Owing to this, Lhe slide is 
easd> appiuuhcd tinin the wagon load (hum CcnteiviUo to Chpc Town), which pass* 
close liy its head The longitudinal piofile ol tho landslide is ono of gentle slopes foi 
tho most put, its dechvit} ib not at all gicat, and in a fow places oven unci sod slopes 
occur Its notowoilhy tealure is not its vcitical dipp but its gicat foiwud movoment 
In a sense it lias flowed like a pmtudly plustic mass, expanding and advancing 0 25 milq 
beyond tho coobt-lino, but descending only a few bundled feet 

In its goneial aspoct, Bb well os in tho notuic of its movemont, tho Capo Foi tunas 
landslide is altagclhci diffciept fiom those obsmvod futltei south, p&iticubuly along 
the mountoinouB coast both month ancl south ot Point Delgada, which, in oftocl, dul little 
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ulsu th.ui icyixu a spins ul old liuulshik* lull Is This mny mil lx* .ippmi'iil Ui mi uIm i wi 
ou Uic 1 h*ui Ii, buL i- ipiiti* slukiiii} wlu‘ii llu> luhsL is vii*wi*d m ils I'nliirly fiimi u vissc 1 
oll-slunr IIum* I ii i Is i‘\isli d In Ioii* lliis i .u lliqimki*, will hud In i*ii us ii|(iixac«I .is surli 
They ail 1 cuusiiiriuiirdi nulhiusl .u^misi llu diuk (iiiiInsisI shiiics In'IuiuI llusu, using 
limn In 2,fNN) lis‘1 .iInim 1 llu* slum 1 , .mil .Uluiilmg un 1114*111 luul sisiin ul kiiri- 
uiniks I 111 llu* minimi Iii sluing imili.isl mill IIii*n* IniM iiiiiiml.un fiiuiis is llu ugiuii 
iu aliuli llu* CifN* Pm lmills laiiilshili Imik Jilin i* Tin* hind 111*11* 1.111 siniiriy In* fullisl 
iiioiuiUiiuiiis, mul wluli il Imsiks nil in ihll- ul llu* misl mid is li.ivi*isisl by 11 iiiii y 
liuily ihs'p ihtHis, a is 1 hsnil i.illv 11 ii^niii ul siiIhIius! 1 i'lii I (I 11 . 1 L riii*hwlii*s uiu 
iKilulily nli-iail, i*\u*p( 111 llu* sisi-i lills, mill 1 \ 111 llu*si* mi* nnly 11 lew lumdiid lu*l high 
\L llu* siuiu* linn*, 1 'vnli‘iuss nl Ilium r kuidshdis mny In* sis*ii 1111 i*vuy liiuiil Tlu*y 
1111 mil r\li*nsi\i*, us 11 mil*, aiul mi* ns hkily ins ui nil gi'iillr skijns us mi hlis*p iiius 
Iu u fi*w i*iim*s nnly is n iii.ii kisl ibiaiishp iuiI iih*ii 1 iU > ) irsnlliug iii Llu iiiii'iivmug ul 
11 slis*p sioip, iu lusulr 1 \i*iy 111^1.1111 c llu* difJiN'iilisl uiuss uppisiis mil hi iiiiu h lo luivi* 
studied nil .mil iliiipl. limn ils liirini*i [kmIuiii, as Ln have uxjmiiiIisI 111 hIiiiiiinsI, with 
iui acciiiii|Hiiiynic; sulisiilisin* nl ils Muliiri* Tlu* Inlliiwy mul nipgiiliuly pillisl ujijiciU- 
amu* ul (Iu*m* aims, Uigellii'i with llu* 11111 k vegrlnLifiii LI 111 L rnwss lliinu, nlfiiiil tin* pim- 
Lipul llUllkh of Ulllllllll III IHII Jkllll lllllll llu II I lllll llPllTIsllM Ini in, huggesiivi* nl pLislui 
(low, mul limn llicii nuuli* nl in 1 iiiiisusi, il hPi'iiiH iisNiiinlik 1 In uilci ilml kiiiiiiuI-iyuUt 
[iluys an 1114101 UU 111 Ali> 111 (hi'ii genesis They mu uppnnsilly masses wliirli Iuivii 
changed Uu'u shaiN* 111 uInsIuiii'u Iii ii lessening n| onhisuin In llusi uiUsim, Lluiiugh 
mini .il 11111 willi wuli 1 Whi'lhin llu* iiu»\s*iiu>iil In* niilialisl by 1111 isirlli-Lnsiuii or 
mil, il is iu pvi'iy nasi* i*ssi*iiluilly an adjustment in 11 muio ulnblo [Kihiluiii, lcmliusl 
msi*ss.uy by 11 clnuigu 111 llu* phynial isiiisliluluiii nl llu* mass 

ll n lu lliis ciUegmy ul landslides llmL llu 1 11111* ul Cupo Pmliuias tailings Wlnlo 
llu*ii* an 1 siiiipH iu vui iiius plnun ill ds iijijnt 1*1111, Uichc 1111* lisilly insignificant Imlum 
ulungside of Un* u\U*usivu Irnrl ul llui sink 1 ilsell Wluil iluwiihlippiiif' nmuiixl on 
these sumps was nu*u*ly uu iiiculcnl 111 llu* I'lilln* iiinvcniciil Ikilli in llu* huge ratio 
In'Iwismi ibi luu 1x1 uilul iidvniiiT mul ils unliciil ill up, mul 111 ils gciicnil iippisu Alien, Uiu 
Ciijn' PmLunns landslide is ckeuly Hiinkigiiiis lu llu* iiiiiiumiiiis k*sM*i hIiiUii n*li*iiisl lo, 
uiul Llu'ip is a<nuI lcnsmi Im Uu* In*Iii *1 llml, liki* IIiimu, il miimsIisI iwsciiIIiiIIy of uu 
adjust iiiimiL nl is|iiihliiiuiu 111 a jmiLudly waU'i-sAliiiiiliul mam IL probably luul limg 
Ins'ii iitiiiiiiipuL 1 n*Iuii* llu 1 isulhi|iinki* sliuUsl il 

Akin Pablo mi Ih-tJimii - - Al llui I 11111 * ul llu* isirlhijiinkn a kiiulsluln lui'iunsl uu Mills' 
lanch, which ih uIniiiI I milis tsislnl Hmi l’ulilu Tim sluli* is ml cresting fiinii Lhu liicl 
lluil a jnevHius gi iilngu ul iiiii|ijiiiig nf lliu icgum iiulu*alisl llml (lu* jniiiiI wIhmi* il 
uccuiinl wus uu (lu* luu ul a tuiiil extending 111 a norllieily aiul smiilicily diiis*luui 
ihinujdi llu* Suln.uili* Hills. Tin* mIhIp ivuh cxiuiimcsl by Mr 14 S Imrscu, who ik*scnlx*s 
il ns lolkiws 

Time ilk* uiuiiv nllu'i liiiuUdulps in lliis vunnly, showing llml llui uiuiilry w niiIijih L In 
such slulis Iii lliis |Hiil 11 ulm ijhu, oiu* nl llui Gusli 11 boys mininusl mu llml lhu iimni 
1NUL nl tins sluk* tagiui dining llu* wiiiIpi ruins, uiul luul Inllpn 11 Liml in 1111110 riming ihpsu 
mills The Imluiup ul lhu lull me 111 ml llu* mm 11 mg uf llu* puiltinuuku Thu ahdu u nu 
iho pusl slojx* ul n slecji IiiIIsuIp mul uxlpnds hum llic toil ot lhu hill iuiuiIy (o Llui boLloin, 
nboul 400 reel nn llu f>lo|x> Tlu wiillh is uhuul 1,000 fool Al llu noilluusL painci Lhu 
si up is giealesl, loathing ix*iliu|is 00 fool II gindually dupioasn, nuri is vmy sligliL fin 
the huullmnl 700 tcol On Uin wutliwPuL 700 foul lhu onh uvulonpu of a slido is Ino eiaak 
nau lhu lop ot (lu lull The nmlh BOO loot u[ giounri shown ovoiv ovhluneo of aliriing 
Tlu diy giuuihl is iiiiu It napkpd, and ilioao oiaolu oxlond up and down (lu hill neu lhu 
soup aiul along Iho lull whoio Luo gtuund luu bean piled up Iu soma iilaaea Ihora n u 
nolwoik uf ciarln On lhu aoulli moo of Iho mam aliuo Lho giouml haa piled up alioal 10 
feel Thu extends along neuily all of Iho aouLh aulo, and this loudnuy to pile up lo Uu 
■ouih w shown in ullici iiluuoe Moicoyui, Iho north ndo allows llial Iho gionnd haa pulled 
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towiud the south 
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Hie above shows that the moiement was not dneotlj down the 
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soft surface toil 

Tho oamc dido vn wbwquortly wited by Mi F 15 Matlhi i, anil Hit* following 

doBcuplive note it Ijy him (Miv 
figs OS and 60 ) 

Hie Blip arcuucd east or a high ndgc 
at the southern end ol lho Solnnnlo 
Hilk ltccnois tho iioilheasl half of 
an area whobe teuaccil naluio ib m- 
dieulns of a foinioi Isndslido of much 
laigei dimensions Tho nccompunj- 
mgskotohee thaw l ha goneinl oullinra, 
ami a uoowection of the slide Ii 
will be noticed that tho blide does not 
extend all the wav down Lho slope, its 
lower edgBb being lull) 100 loot oi 
moie abate the bottom ol the guleh 
Hie lowei slopes woie not malcualh 
changed, and but little ddbm lull inlo 
tho slieam-bed 

A steep scaip has liccu piodured 
east ol toe oiest of the iuIgo Tlie 
downslip along this ecaip dues noL 
exceed BO leeL, and dccieuses both to 
math and south Along tho noith 
edge theie hob been a maiked move¬ 
ment down and soulhwaid, tho aaaiji 
them avenging 10 feel Along the 
south side, un tne othei hand, tho loos¬ 
ened man hod advanced ovei lho old 
suit nee, mesentmg a bulging and 
ciaehed hontal scaip some fl fool 

Vu u -lh| of inUUi canard bj tho MJtiajuko n* high It appeots fiom Lhu (hat lho 
or Ssu PBhiu movement took plooe, not along tho 

hno of gieatast declivity, but in a 
duertian same* hat moie soulliwnul, ub uiduated by tho ai io« The 3 hummorla pinhahlv 
existed beloie llie slip manured, but judging by thou greatly clicked and milt buifacrs, it 
seemb hkel\ lhat then height him been slightly mcieared The main mark, wliu h extends 

soulhwaid liom the uppoi scaip, conun-__ 

lies along lhe hillside in iiieguljr rig-zus 
fot Home 300 tret south of the slide 
(doe plate 12 Ba, i ) 

Olhui uailh-slum|is ldcncd to undci 
the section on Lho Distubution ot Intcn- 
bity oio almwn in platen 136b and 13fk, 

B, I, D 

vAimi-nawx 

Mount Olivet Cemettiy (A C Laweau) 

—PmhapH the best dlustiation of an 
caith-flow caused by a sudden aocesoion *** • —orjM **J s re ws ■■ ag as, along 
of wotei to tho mcnheient matonsls of a 

slope, in consoqueuee of tho eailibqiialm shock, ■ that which ocauned in fheuppa part of 
Blount Olivet Oemotoiy, ncai Colma, 9 miles south of San Francisco The locality is at 
the born of the San fiiuno soup, and about 2 75 miles TAilfteasfc of the Ban Andreas 
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taull al Mussel Ruck The bleep slupc ul Uic scaip is uiiili ilum l*y luud siiiulstuuc of the 
Fiauohcaa units, with hut a llitu venom of <aoil, ui none ul nil Al llie lmse ul llu* setup 
is Uio genllo slope of Met ceil Valley, uudcihuii lieiu by i’leisluu.'iu 1 niul uruiiL miulb 
Tlie bauds, pniUy ooliun, lup up on llie luwii flunks of llie ncuip, and nuuillo llie liaru 
of llio du\ilui^ taull wludi billows ils 1mm* Tlic sands Hum vui> hi Uiickuchs horn 
a rcullici eilgo lo an unknown lliukiuss, which il ih lieliuvisl inuv bo iih uiuoli iw a few 
liuudicd lool al no ml dihlunou ruini llio Inim* ul llie senip Tiausiung llie gculle 
hlopc of Uio valler-fluui nio sevci.d bliidluw uiiuyus, which head in uiripuiiL luvines in 
llie loco ol llio soup Al llie inouienl ul Llie ciullupiake llieie was u hUildeu oulgush 
ol mud uul wuln ul u puiul ul llie upiiei end ul Hu 1 c cuieU iy, uhisu lo llie law* of llio 
bcup uul quite neu, il nuL iinuicduihly uiwu, llie hue of llie ImruiL luuH-liaec Tins 
uliuun of sand uul waits, admixed willi the loam ul Llie ulupo, flowed liipidly down llio 
couiso ol u hlinllow aiinyu cm a giaik* ul iduiul 1 26 willi a depth ol hum 13 Teel in its 
uppei pul lo nliuuL A hsil in ilh hiwei The honl ol llu 1 slieiuu hlupl ulnuplly ul u fNiiiil 
jubL lx'vond llio roadway ulxiuL luill u link 1 hum llu 1 migui The lluw wiih mi nipul Umi. 
il euncil away nuuiy small liees, u wind-null was wrecked and Llu* lienvy eonciele 
blocks winch seivixl loi ils foundaUou weio swept down, willi uLhci iMIiiih One of 
llio pumping blalions ol llio c*enu*li*iy wus demolished by il, uul 2 lioises weio ruiml 
oil then loeL, uul wise c\Uu tiled ufleiwiuds willi ilifliculLy (Hee plain 130\, ii uul 
131 a) 

Acooiding In Hi M Jensen, llie HupeiiuleiulonL ol llie cemeleiy, Llie unUie (low had 
lieon acounqilihhed within 3 iiunuUs Iioiu llu* Lmu* ol Llio iduiok, uul lie whs al ils houico 
within 20 uuiuiLm ullei il curuued The lieighl ol llu* (low willim a lew liuiuhed leel 
of llu buuico wnu alleslrd by Uu* mud u|uin llio hunks of some ouuidyplus trees near ils 
mugin Tills mud u\Lriided up lo 13 leeL oIxiao llui Iwlloni id the uiuyo Thai, 
luiwvvci, doubUiNs uubcaLes llu* lieighl uf Die InmL ol llu* slienm m ll imul linn point 
As Llio lluw advanced, ils suiTnm unu its sniiieu lapldly duipL, and liy llie Imio Uio 
hont hwl leoolied llie inadway Llie slusuii was piolxdily iio dce|Kr al its nuuice Llian 
al ils Imuiums Indeed, iL ntiiih Ui Irnve lusm soniewhal lew, as Lhcio was a liuukod 
Pudency lor Llie suul lo |iiln up ul Uio I mill liy mason uf Uio negalive aeceloialiun al 
tlio honL duo lo kiss of waits Aflci Uu* moving nuew luul cumo to rest uul partially 
dried uul, il was fouiul Uuil il luul k*Il u Nireak of niutldy huuL on Uio IkiLIuiii of Uic 
uiqyo uveiaguig 100 feel wuln and alxiul 3 feel llilok Tnkmg Urn lougUi uf llio flow 
bb 000 yuiln, Uiih gives llui lolul volume of Uic roiii]iiuilnd wrl huu! as HD,100 ouliic 
yutbi Tlio cavity m llio ulupo mused by Ilia ovaeuabon of tins suul uul louu was not 
niaasumd, but woo cHlunoted lo havo a wulUi of 160 yucls, a longlli of 300 yucln in Urn 
dh ooturn of Iho flow, uul ui avemge depUi ul 2 yards On Uih aallmnle, ILh valumo 
woidd bo oboul 90,000 uubic yuiln, wlnali agrees quilo oloHoly with Urn ralimalod valumo 
or Iho muLoiiul ejected 

Tho sand, of tar it had caased (lowuig uid liul boon di aincd and oompoclod, uiuloubloiUy 
hold in tho voids botwoon tho grains not low than 26 pei cent of its valumo of walar 
An additional 16 pa caul would probably givo il iho nooawy fluidity flu flow down 
atdopo of 1 26 But bb Iho fluw was swift, thoiu was an mmem of walar, M that probably 
26 par oont would havo lo bo added to givo it tho piopaiiiaa muufaslod m tho actual 
flow Tho Band, howovoi, in ita oiigmol position before tho limo of tlio earthquake, 
piobably did not contain moiu than 20 poi oont of water, alnea tho uppar or nod layor 
had been somewhat dind out by tho air To Iho original sand of Iho slope, thcrofmo, 
there must havo boon oddod 80 par coni of its volunio of watar to eouao It to bohavo h 
it did This amounts to 27,000 uubio yardu Thia watm camo from ground lmnuxliatoly 
bdlow tho source of tho flow, and it oamo m u mnwumt, at tho *lmn of tho M-nJiipibiwi, 
It u only anothm way of stating tho facta to aqy that it was aqooeaod out There waa 
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no dulmbanca oT the huil on either ~3do uf the entity, manln 'its'Imnirdl.iLj utiiuLy 
On tin bhouldcr to the aouthoobb, where the true ol the auxiluuy fault jussi »> ovu 
piactieally Ixua lock, no evidence ot movement was dclcctud on cuticui examination 
The expulsion ol the unUu was n ]iuu*L) loud plienouiLDon In atleiuplmg to explain 
the ediho ot It, 01 to ameilam Hie local bubhuiaiu an conditions which cunspncd with 
the oaithqiuike sliotk to bmis about llie iAcnl», iL shoul<I be nntpil hi-at tlinl on lho lino 
ol the taulMiaro theio ait longiLinlinal depiLSbiuii*, which appeal lo be* in pail sli uilui.il 
ami in pail due to ciosion following the tault II nno or those dcpiassunis should lueuilv 
have the chaiaetri ot a sink, willioul hoc iliamagc, then Ihu sand whu.li hlh*il it would 
bo «nt mated witli walot in lonscqucnco nF the lairo* ot the ihlyious wiulei It is Miami 
tint llio compicniYC action of llio LaiUi-^avu pacing tinough biu.li a pockil or aalu- 
mted mini, ami ic floctud pcihapc inoie tlian onac liom thu containing lock walls, wouhl 
bo adequate to uxpd 27,000 cubic ynidb or watei fiom tlie dupii pin turn aiul ndd it 
suddenly lo tlic 111010 qupoiflcial poiLion ot Uu. loiuiatiun, thus Imaging about llui 
emth-flow It niaj be staled in bhu> eouuochon, although it has no coiidiisiui burning 
upon the question miolvod, tlut tlie eonda ol thu valley gcncii'lly ino on abundant 
com co of wall walci, and that tluno u> a sin tan* well within a low hiuuhal loot ot lira 
source of the eeith-flow, lowu on the slope Them was uuj little wnlci in lira aiio^o 
befuo the oai thquakc and a veij insignificant sticain afteiunids, the lallin U’liig piob- 
ably icfenable lo tho diauiagp liom the ojccbul sand 
ITuai/y Half Moon Bay (Buheil Aiulcibon) —Tlie caithi|uako shock caused tho 
appemamr ol an unusual amount ot wnlci at tlra suitace m many places Tins was 
noticeable in the vicinity of San Biuuo, whine novel al blunt stieauis lunuing into tlra 
bey weio flooded by an unusual \olunie of watm duimg tlra fust davs lulbwing lira 
ooithquake, in npite of the fact that it was pcifoctly cIlai wcathci Iuslonccb base 
boon cilcd in lira piesonb wiita'a notes on the iQbultn of thr oailliquako in lira San 
Fluimeo Peninsula, of watei with n sally tasto ai milky coloi issuing liom spimgs 
aftai the shock, and ol bticatne being muddy and flowmg with incira-cd volume Thcso 
facta, ami the fact that watei continual lo isauc oftei thu euLhquakc at lira ]xiinls where 
oaith-flows occunod, and wlicie it had not been m evidence Iraloie, mid Hint anith- 
flowH occuiiod sometimes on convex slopes wheie tlie concuntialion ol watei undei 
nomial conditions wouhl bo unlikely, seem to bo explainable only bj lira Uicoi) lliuL 
undeigiound conduits weio disLuibeil ami ramie nram open, that nnv cIiamicK ol csra|» 
loi the water worn foimod, and tlinl wnlci was actuuily *a]uccnul out ot lira lulls in some 
cj*a by com pi o^iive nuivcniuiits Tills flow age ol wiLci to lira suilncv, in mcnoMHl 
auujiints and sonratunos at now places, caused lira Fm motion of Lira luiUi-fluws Tlra 
plain wbuc then debackn ocouucd inuy ui may nut have burn picxiuiisly points ol 
concpnbatioii ol soepogo wnlci, and Ora snl alicaily in pait uatuialod But it is sup- 
ljoral that tho content ot walm was inci eased by lira shock, possible in extreme puses 
by Ihr gushing up ol a huge volume, and that this inuiurant ul wutci, with its dis- 
uitcgiatmg, weighting, lubiicatmg, aiul duvet finung powoi, aiding the attack of lira 
shock on the soil, use the mam cause ot the emth-flowb 
Thcie a liltlp c s idcncc ns to when tlra flows wmc fiist set in nuitran, wlratlrai ut oirao 
(luting the shock, or litei attii tlra lapse of sonra biraf peiiod of linra lliat may hate 
been necMOiy lot tho accumulation ot the w ttci in p\tia laigo quantities 
Eoith-flows ouginotod in valloys, m gullies, oi on hdlbulps W'hmo lira weight ol tho 
caith, eomlnneil with the weight of the mldul watei, was sufficirnt and tlra substialum 
ot tlra soil wan lemlmcd plablra, giauty caused it to cic*cp 1A« a Iasa-bticun, inly ing 
a hollow in the place from which it came and n fan oi tongue of delnio down tho olope 
below Movement was especially apt to odbub whmo the giound been previously 
wet, tho intensity of tho eaithqiinho shock being poiticulaily gieat at bueh pointb and 
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tho tuulouei iiT llir \ilu.itiuih being Lu hcl llio mass m muluin Hailli-flows oat until 
in 1 tidily pLu.cs m Ihu Cbisi llaugis, uiul piolidlil) lliruiiul llir region in which lira 
shook was IumviIy loll The uulti luiuul numy ul llu'iu, Lugo mill siimll, uu llic Unu 
tfuiwisco I’t iiiiisul .1 mid iu llu* haiili Ci iM Lluuul.uns, .lIhi in lira Mount Diuhln mid 
Mount [Luiullou Unngi *> 

Following aio ikiwiiplums nl 5 iditli-llows lh.it (Ktiintil mi Llio illuming ol llio cnrlh- 
i|Uiiko in Uio luigtilMiiliocKl ul Hull Munn ILn, wlm.li is mi llie knlsI 2.1 links miiiIIi ol 
Hun Fi.uirisco 

One ul Ilium uns linn nil in the lullh lunibsing Die Ipiiiu r lit Hull Moon liny, immedi- 
aUdy snulli ol Fieiuhinui Cni k, l .1 links imilli nf llu town, anil a link 1 Ti imii the ku, 
ul an eleudum ul 1(10 In t ll is pu liunl in pkile 1.12a Al Lius pkire llu* e.ulli uivnl 
uu.i\ in u cifsceiil-shnprd ana on a skiiit* nl mily JK°, mill (Imml nut in tun lung aiini 
so us to louw a linlo I Iwl ill i'll, siiiiniiiiiliil hv Yinlu'il walls nl uiuilln Iwl soil Tin* 
lIuwiMciniiuL ill u f.iuly lugh imhuI* on a gi ully imdiikilingliirlinr 'Hu* ilwdiargLileaiih 
was (livului by it minimi, .it a jiuinl 1,10 Iwl liekro llio suninnt nl Ike aic, anil lullnwnl 
two cnuisrs winch wise dr Ln mined liy giilli< > s nn luilli Midi's Much ol tin 1 ilfllms tmi- 
(lowud llu* eunlrul uiouiul nl llu 1 sunn linn, mul iiiunilaUil Llio Imik'y holds to a depth 
ol 3 to 1 Iwl, loi 100 fii'l luilhei. On I mill silks ul llio rouLial liuniiid llio raving away 
nnilinurd to Llu 1 suiu a ik'plli In llu* k'lt-limul link it slopl willun a low Iwl, uiul llu* 
Ilnur did not r\liiid sriy lui lx’yuml In Llu* light-hand fenk a rut 100 Iwl lung uiul 
60 Iwl wulo wus uiiiili', Llio nulli fin wing down finm it 260 iwl Outlici nun llio guuu 
lu'kl, as hluiwn in plnlo 133 a Thus llio wliok' length nl llio sink* win MX) Iwl Tlio 
wullli ot Hie main link' wus un llu* iiMingo nlioiil 100 feel, mill Llu 1 lenglli, as tdrriuly 
nu'ulioniil, 100 Iwl iuiL uuLuiling llio mini 

lu 11 in hollow in Iko lulLsuks ninny diy 1 dorks id soil rmiyuig giuwuig gmiii — usually 
in mi uiiriglil ixisiiuni — kif Ml Hi unlik'd I Twl lu'kiw Llio huifiusi nl Llu* lull liy tlir 
lemuvul of Uio Miljsinl Tin* Iviiri* lluiL rinst Linn urva wus lnukisi uiul nuiuxl awny 
uiul |miUy huruil Where the inving ornsnl m llio ilgliL link, a lulgu of itflnls wnu 
piksl up arm** llio liinulh id llir hole, inurh Ingliei lliun llu 1 Hlii'mii nr lixnr uialauol 
lluil Ikiwctl luillin Hiiniku lulgrs wiiu lu"ipl lip ULniss Hip ]inlli id llu* (low, wluu* 
llio Inraking awuy ul llio lull slopl m Ulo oilier aim aiul al llu* up|N*i eml ol llu> conlial 
liuiunil 

Tlio soulli or light aim cd Hit* (low evlondcd down Llu* lull nL an niiglr gnuluolly 
dm rasing rinni 18° In kss limn 6 a . I/ugo purls oT llu* hurt* wist* mined ou ilb sui- 
rucr Tor SIX) lari 

l'kilo 132 a gives a dolailril view ol llir luwm trclionuly ol Llic light aim 'Dir shram 
romr to an nlnupl nlnp, like a (piirkly roolcil lava (low, aiul pnseived a lore I to 2 fool 
in height nbovo Uio guuu held Tlui nurraro ol Uio flow omuls Led hugely ol blocks oT 
bod, usually jiIiuuhL upiighL, which wmc rained down Train llio hole wilhuuL lnuoli 
luoislening, or (iiansToinudum lnlo malniuL capable ot fluvnng. Tim bulk ot Lira flow 
wnu a inoihl oggiognto ol eurlh fingmcnls pcmoHing soiirallilng ot Hum previous toiiu 
aiul grading into mud, uliV.li nmuiiracl a honil-flukl roiwihleiicy uiKloineaLh. The 
bottom ol Lira hold, aiul lira flow llhcll, lnmnnrad loo niudtly to walk on tor winks alloi 
lira ooiUiqualcc, mid lira field below the lowor end of Hie luigr arm was lofl manky, 
Uralt had not brrn so buloia It u lo bo uolcd Lhal savaral fauly hoa\ y rains followed 
llu* oailhquakc allor on mltnval of Boveral days, bjuI before Uipop aarUi-flowB ware 
vi&ilcd; buL Ihcor worn nob Milfielonb to aeeounl for tin amount of uiolalure obaorvod. 
The chief elfoet of the waloi was In the ground at u-depth of 3 or 4 foot below tho sur- 
faee It rendered the sod oulhorantly fluid to enable U to flow down tho gontlo slope, 
probably partly tuning Tram under the ourfaco onist ancl pailly transporting tho sod 
wUhlL Most of tin aurfaeo was corned down with the main flow, tho atnarlod our- 
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foco block’s that icmaincd in the cavity Ixing accountable toi as liagmuits fiuin tlia 
biokcn edges subsequently giving way anil bang coined only a shuit distance m tlio 
nppei uid ot the flow caina to imt In tiuu wav, piobnbly, tlio walls noio Uiiimiud, 
loi the cut in ganoial was loll loinaikably olein 
Anolhci flow ot similoi cliaiartei took place 3 nulcs iioilh-uui Lliwrst of Uio town 
of Halt Uoon Baj, on the ouck next west of Ficiulimnn Citek It is shown in plalus 
183b and 138a On tlio inmning ol the cailhqu.ikc an auc ol Uio gently sloping allu¬ 
vial flooi of a blood, slunt valley Itibulaiy to tlio main ciwk on tlio cant caved anil 
flowed out, leaving an excavation 10 loct deep, wlicio bufotu it bad been almost level 
and wheio lhcio harl been no uticoiu dionnel In this ease, Lite waLui olicaily gatlicioil 
in this basin-like YHllcy, which hcio had hod no moans ol piunipt escape ,mbs on unpoilnnt 
aid in the foimalion of tlie flow, aside lioin the siuhlon accession ot watci Lliat piobably 
caused tho oailhquako The piesence ot a huge amount ol water anil tlio foioiblo 
movement dui nig tlio caithquake ■diock losultul in the loosening and mulct mining ol 
the giound and its tiawpoilatiun as a fluent mm* The angle ot slope was about 5° 
The flow eaii icd out thousands ot tons of caiLh in tins manna anil spiead it ovci 
about 2 aacs ol meadow land, to an avoiogo depth ol 115 to 3 tcet 
Plato 132n gives a view ol Ihis eulli-flcw, sliowing tho pit lioin whicli it was iluuval 
Coveiing miu.li ol Uio suitaoo ol tlie flow and tho flooi ot lira Irak* aie to bo seen lilooks 
ot sod winch have been coined light bido up as it Liu, moUiinl hod moved eu masse 
Tho ainounl ot watm in evulonco Bhons eloaily how tho caith was softened and oiialileil 
to move Tlio pioluio was takon two wcoka atloi tho caithquako At that tune waloi 
was stdl soopmg up fiom lmdoigiound, and out of tho lowoi poilions or the luoken 
walla, while tho giouiul neai Uio smtaeo of (ho valley was quite diy Tin. waloi luul 
foimod two definite mulcts thiu the debt in, at on clovalion abovo Ura buiiuumluig 
meadow, and was lunrnng in continuous btioamn, last euttuig a ohannol foi itsell and 
l amoving Uio aoft matciul Consider oblo wilci was dammed Inek in tlio liulo by a 
4-loot iidgo ot dtibiu piled across the mouth of lira hole, as m tho cm of Ura picvioiuJy 
deeaibed coith-flow This mound of ooilh, along Ura line nlraio the stiooin loll Ura 
cavecUn aica and flowed ovoi the picoxibUng slopo, was piobably piiod up at the last 
by tho lemnantb ol the flow gliding down and heaping Lhcuuelvu» up as a bniirar at 
tho mouth ol the hole 

Tho cavity, about an acio in extent, has 10-tool walls which gradually decioaso m 
height lowm down tho valley, tho bottom of Ura liolo being rnoio nr oily level Ilian Uio 
vallcy-flooi Plato 133 1 shows |iait of this flow in duLoil 
Homo of tlie gioaL blocks of aod mound Uio edges liuvc not been lomovod, oltho Ura 
matciul horn umdaincaUi has gone Conccnliic clocks not visible in Ura pieluies 
extend mound tho edge of tho hole anil loi 50 loot abovo its uppci and, shewing that 
the men aftcctad u bioailai than appeals at that night, and Uiat Ura work is not yet all 
accomplished The matciul ot tlie vallqy-bottom is a eooinc, oikoso ooilh, duiivod 
from decomposing giamto, and umtaimng many look liagmenta 
A flood of caith coven about 2 Baca of the meadow Watci was present m this 
eai th-flow in gicatci amount than in any otlioi Uiat who examined The natuio of the 
matciiol may bo judged of by the abiupt face of the atieam wheie it Btopt Tho erlge 

makes a steep angle with the meadow and iim to an avotago height of 2 foot above 
it Yet tho foot that thu moss of eaith was able to move num than 300 feet aftai it 
loft tho lower end of the halo, and spioad into an even and thin layer ovei a wide extont 
of neaily level meadow, shows that it was fanly soft It was moved on a h—1 layer 
of acnu-flmd mud and Band, with the aid ol the weight of tho ovei lying mmI paitly rtis- 
integiated eaith 
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TIio hugest of lhe cdilli-fluwh mcii ordinal m (ho canyon suuUi iiI Hit house of Hi 
Nunn, 2 6 nulls casl-iioillicast of tin* town til Half Moon Hay, al .in rlrvuLion of about 
500 feel It oiiginatocl in a nianni i siiiuhii lo tlio ciLln is, bill in a rnnyon dlinig which 
Lhoio ib a ilisliml but oiilinanly iliy siiciun cliaiiurl A lung, iiicguloi linlr lioni 4 lo 
7 fret deep was eviavaled msu Hu* liciul ul llir vnllty, iiiui a gienl volume ol ciulli 
flowiil down ils muring i iiuise Ini 0 25 mile, ns Ini as the Nuiu / house, and lime stupl, 
living in pail diva led into Lhe niiun < leek in whirli llir vnlley is llime Luliuuuy Ac- 
aoiding lo Lhe l(siininny ol wilm vies, lhe (low icached llir end ol the II25 link' in (15 
linui aflci the nutlniuaku hlmck II was mi>ii gliding slowly down and engulfing Iho 
oicliaid pisl linck ol Lhe housi' An Hiding Lonlisrivnson the Nunc* nuiih, Uio oailli- 
flow was nol apriHii|Nuiinl liy any wnlei, Imb two weekh laLei, when exniiunod liy Iho 
wnlei, il iiirseivrd e\eiy evulenee of luvnig been muddy JCsjierinlly was Una liuo 
al llu 1 Imllimi, when* gienl masses of nunl slid had Lhn consistency of jelly ll ib piob- 
alilo llial llieio wos no flowing wnlei on lhe siulare ol Uus an olhci cmlli-flowh nl Uio 
l nno ol then foi malum, anil llinl lhe piiNencc ol wale 1 ! in the flow was mil ovidenb Lo tlio 
cnsUHl oliscivei liecaiiMi of the turn pm .Hive ihyncss ol lhe niHlenal on ils ni>|iei mu loro 
Till* hillin' ol Uio canyon down which lhe moving liody ol laiul eiawled is alumb J5° 
nrai the head and dreiensrs lo 15° lailhei down Tlio flow filled this lo a wullh of 
100 feel on llu* avciogr, ami lo a depth varying lunn 10 lo 20 Icel The uunlui ol tlio 
ma« is illusiinled liy lhe fnel llial in lhe early slago of llu* flow lhe cailh was ]»ilad 
20 loeb higlim on llu> hill, on llu> inside ol Uie big euivo iinule liy lhe rani on, nol fni 
below Iho jnl, Utail il was whin Uie flow oanie lo list The inaiks nl Uiis elevation 
woic |i,olmNy 111041 * veiy sum afli'i lhe mam ina*« wns disihaigisl 1 10111 Uie ruvily, 
liefino il had s|nead seiv wulely The eenlial portion of llns eailh-flow ih piclineii 
111 plalo 131ii, wline il appeals an 0 mlge many loel lugli liaing aluive Uie loll glass on 
lhe hillsule, on lhe nghl ol lhe pieline The pinenue of Lhe lnaleiml al Uu> head of 
Uie flow, as il slarleil, wns so gienl Uial Lhe eaiUi bulged up uvei the sides m places, 
111 bucli a way as lo I’m re upward gieal hlix'ks of sml and luin Uiem mi edge or com¬ 
pletely over, awHy lioin lhe 11111 of llie hole 
The flow assumed the fonn of two Initial ridges anil a eenlnd tleprmuon, a channel 
Tlio iulgi* 011 llu* west or innii sale of lhe curve was cousideialily Uio lughci Hie 
fmin was due pailly lo Uie eonenvily ol llui voile}', Iml elnufly, il is UiuiiglK, lo llio 
lenileney of lhe nune fluid nialeiud lo follow lhe dee|iesl pnmiblc jiaUi along tiui gully 
unilei Uio aenlei of Uio flaw Tlius Uio dnm nialeilol wan io( aided al Uie huIisi Nul>- 
Muiuenl lo lhe hi si stalling ol lhe flow, a Hlioam or neniirflultl mud nml sand eanliniied 
to tun down the eenlial diannel, euveiing Ha siiliw wiUi a eoaUng or mini anil leaving 
flowogo sLuaUoiiH on il This eluuinel anil ils lnaikingp ara e'dulnled 111 plalo 131n 
Two weeks of lei lhe eailhi|iiakc, when Uie pholograph was loken, waLei was running 
in Urn ohannel and hail eul down inlo H scveinl feel docpci Ils liollom, howovm, was 
aldl Ciom 5 lo 10 feat lughci Uian the bollom of Iho undoilying preovstent waloi 
comae, whole watm hail not flawod bofoio al thin time oT Lhe yeai Uio man in Iho 
pictuie in etanding at Uio bollom of Iho gully To the lafl of him, Uio hammar and 
note-book maik Iho top of ono of Uio pails of the lalciul lulgo which ie hmo divided 
into sc void hummocks To the 1 ight is the olhei and higjim lataral lidgo Tho fore¬ 
ground was foimaly covoiod by a demo Ihiakct of willow trees Thao wiUowa have 
boon completely buiiod, oxcopt at the aula whmo tome ilaad bianohea piatiudc A 
ronoe that amt the canyon was Loin away for 100 feet, and not a traco of it could be 
found Tho fanoe ahown in tho pictuio ie ono newly built in its plaoo 
Two other amolloi oaith-flows oocunod juat ovm Iho hill watwoid from tho last one 
described They aia Bhown m plate 133u, the canyon on the left boing tho one ooeupiod 
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by the Nuns* flow. One of thceo 3 eullr-flowb, that al the light of the piotuio, started 
neai the top of the iidgc in a depieuion in the slopo,. lamed a hole 75 teal long anil 
40 teet wide, and couibciI down a nniiaw iimnal liaving a giadumt ol 35° lo tho bottom 
ot the hill, a distance of 000 lrct Enough oaith issued lo fall up tlio latlici (loop dilcli 
m the gully olcu to tho bottom ol the hill and lo buiy the giain held on buth eulca to 
a depth ot 1 to 2 toot In tin* cnac, as in the iacceding one, them weio faimed lntoinl 
lidgOb higlun then the conici, so Ob lo leavo a gioovo between Down this channel 
time flowed sotloi malmial, which lined the suli* ol the latual mlge* witii a smooth 
coal ot mud anil left couspiouous flowngo maiks Tlio flow thus iniscd a ditch loi itself 
above the lovol of Iho iJopa Tho ooi th-flow piohabl} assumed this fam b\ leas mg 
behind, at the sides, tiie mataial least capable of flowing, Hiul by coneenlialing its 
most liquid puts along the deop cential lino 
The othci eaUh-flaw was neai by, on the convex foot, ot the Lnoll in llie ecnloi of 
the puituie A bimilni cavity was piodueed, liom which Iho oonLcnls wmo spicod out 
bioodly It is a good examplo ot the stalling ot a gully, aa time was no depiabsuin 
bcloio One blanch of tins aulli-flow oamo stiaight down the hill ami blighlly lowaid 
the canyon on tiio lutt, tho oilier bianoli oiimc iluwu lowaid tho gull} m winch Uio 
hist-mentioncd ot llio-e 2 oaith-flowu orouuod Tims di .image linos wcio stalled 
whith ultimately moy npaiali, tlio ccntiol hill fiom the lulgo on tlio light, or which 
il is now a continuation Tlio lett aim of the flow on Ilia lull uin} duvoluii a oluuiiu‘1, 
as explained lielow, which will cause tiiu diainigi 1 horn llus hill, which is now townul 
the foicgiuund, to [miss into tlio canyon on tho kit 
HimiLu laniUidcs, tho unully ot Bumllci bi/e, oicuuad Ihinoul the icgion neiglilim- 
ing the laull visited by tlio wutai, and even in dihliiola nl a conaidoiablo diblanco Irein 
tho fault FicquciiUy they weio nol defimtely lafciahlo lo the eulh-flaw type, Iml 
lesemblcd moia closely aarth-blumpu toimcd without the Bid of a biuldonly ineroasrd 
water supply II was often difficult, especially in oases whoio tho movement was 
alight, or Iho blulo was in tiiu ombiyomo stage, lo doleinuno whelhrr tin 1 cuUiqunke 
at tlioso points hail roused a flow ot wnlci oi nol In llie instanoos to lu desei ilied, il 
was piotly coiLain timl il bail, but m many uiliois Ilia phenaiunui wcia explainable 
m bomg tlie lesull of moisluie that was alieody collected bcloio the cm Uu plaice Many 
slips woie fa mod on hiltudes anil along tho cinbanLmente of mountain iouIa, uul along 
the macks rained by tlio shook m moisl and loosened boil Otlcn llicso slips weio 
uiHngcd ono aliovo nnotbri, tiie pupcnilirulai tacos iluo toblippiug basing the apjieni- 
ancc of step taulbi In such eases the woighl of the mnval moss and Iho amounl ul wnlei 
was not buffioumt lo causa tho maluiol to flow Thao wur examples or such hlqis 
along tiio omul hills noilh of San Fodio Pant, neai tho mail halfway between Han 
Biuno and San Andicna Lake, nou the load tiom Belmont to Ciyslal Spimgx Inke, 
0 fi milo southoobt of Uio Son Mateo Alina House, and in many otiiei places ou tlio Rail 
Fiancisco Peninsula In some plaeou baio ndgcs had then lines of symmctiy luokeu 
into httio knolls and nicguluilicbhy theso dips, a common occmianoe in Uio hills of soft 
sand toimotions in the nofithein put of tlio San Fiancisco Peninsula All the dips 
jubt lofaicd to dlustiated the giadation between outh-elumps anil ooith-flows Doubt- 
loss in many of thorn a small amount of watm dnl galhci ns a li-sult of the cm lluiuake 
Relatum qf an tit-flows to minfall (Robeit Andeison) —Tho lainfall piovious to tlio 
euthquoke, tho possibly ot little impoitanee in connection u ith tlic moie cxtiomo types 
of euth-flows, in which piactiully all tho wank was done by a head of watm biought 
horn undergiound by tho shoek, boats a closo lolation to the lm extiomo typoa, and 
to Uio geologically veiy impoitani doubtful types mtnmediate between tho eaitli- 
flowa and eulh-dumps In a diy yeoi tho number and sin ot all of these would piob- 
afaly have been much lm Had eovming of dopes been micturated, ueos might not 
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hive Imiii no iciuly In IncnL luilli nl a sudilon nrcoMon of wntoi fiom below, and the 
liunfall not liaMiig 1ki‘ii guilt, llicio might not iiavo o\istcd btu.li a plonliiul soiitcc of 
iinilugiouiiil whIii In lie dinwn limn The billowing umiw ot the lainlall conditioiib 
limy Ik* or vnliu* ui unhealing .1 illation luluii'ii tin* picpuicdinN* ul the giouml and 
Iho nunilxi ami imixiilnnn 1 nl flmvN mul slum|ih 

Dining flio (unI Unci' ininilliN nl l*KMi Iho nunlall was cxecpluiiudlv heaij thiuout 
fuliloniin, lxMiig on an iiuingc iliiiuml ilu* wlmlc Stale nuno Ilian 9 mclics in oxcca 
nl Hu* mil mul Ini Uial |hsuiiI Up to tin* Imgiiuiing ol IINNi, (lio lunount ot lain fu 
tin* season was I fi nidus lickiw Hit* nvcingc, liut owing hi Iho gical ovccss dunng iho 
lale winlci ninl duly spnng nuiiillis tin* tnlul tin Iho yeui up to Uie hist ol Apul, the 
iiumlli in wluili (In* ciulliiiiutki' net 111ml, wusiicuilyfimeluhalioic Llioiuiimal Dunng 
JaiiuaiVi Fein 1 mi y, mul Mmcli tin* lain was hiaiy aiul continuous Ncaily all the 
nun nl lliu NiiiNim wiin (lining these liunilhN mmicdialcly picccding U10 caithquoln 
iiiniilli Pine! mill} iui lam till lielwccn Apul 1 aiul Apnl IB 

All of Ilu* luinfiill ilnla iiviulaliU 1 111 1 Iip mini (lily kikiiIn of Uui Wcallici Buieau loi 
Culilin inn, oninpihil liv I’mlcsHor MeAdic, linn limi mil tin inlculaling tlio anuiunt or 
luin 111 K rnunlus south nl S.111 Fninciseo These nie Han Fiaucisco, Alameda, Ban 
Malm, Hanla (Inia, Haiilu Cum, Munlncy, Him Lnw ()liis|io, anil Hnnta Hni Ima Tlio 
nvciagi 1 lainlall <it 1(1 ilillcii'iit plucvh ilislnlniliil Ihiu lliese counties was J 2 /H) inches 
finiii Hcplcnilx'i, 11 X 11 , to Apul I, I'XKi, Ixl ween 2 aiul 3 inches nl»vc tlio nnunal foi 
this region The excess wnulil have Ixisi giealer hut fen the lightness or flu* ininlall 
liming the niiluniii (cun, which urns 31.1 nielli's, or so vend inches less Ilian llic nvcingo 
tin rm ini'i ycais Dunng the spring sisisou up to Apnl 1 , tho piecipilntuin mas execs- 
hvi* Dunng llic thiee ukiiiIIh llial pi wiled tlio enillii|unke, 11 (U inclus of lain loll, 
in HI 31 ) im cent ol Uie whole picripilalion up to tliul lime Duimg the first half ol 
Apul, llieie was puielirally no min at all Thiuout this legion, ns well ns Him Gain 
1 111111a hm a whole, Match was a yciy luiny inoiilh, csponully heavy downpouis coming 
eveiywheie 111 llic Stale timing the last tlnys ol Uie inoiilh Tl wus Uie 1 uinicst ol Iho 
liuiiilhs exiqil 111 i«rts of Hanla Clam aiul Hanla Crux Utiunlus, whine 111010 lell in Iho 
iiiniilli ol Januniy 

The nin|oilly ol Uie cni lli-flows mul eni 11 w«liiiii|is Uinl on uunl win 0 neai the const, 
iillluiugli Uie anuiunt ol nun llml lell was mil ns Inigo Uieie ns it wiim Ini thin liack in Uie 
iniiiiiilnuis The i onsL region, howcvin, in Milijccl lo lieavy lugs, whuli prrpipilaUi bomo 
liuiisluie mill lielp In pievinil cvHixnnllon ol Uie liioirturc nlinuly piccnl These fogs 
wish pi nimbly a fueloi in causing U10 inulli-flows and eaillv-sliuii|)s near Uie sin Tho 
piiiipipnl cases (lesenlinl were near Hair M0011 Hay Tlio leronls lioni Point MonLoin, 
only a Tew link's away, idiowcil tlinl Liu lauirnll in Uiih vieuuly was hoavun Uian at any 
olhci point almig U10 coast soulli ol Han Fnuieihco Dunng tho s|mng season up to 
Ainil 1 , il ninnunhxl lo 2.1 inehes, aiul dunng I lie autumn bcasau it amounted to 12 
iiiplies Tlio Laliki shows Ihal Uie lieaYiCbl uuiw wore in llio Hanla Ciuj Mountains 
At Houleior Cicek, 111 Hanla Chui County, 3570 uidias oT lam fall dunng Januniy, 
Fclnuniy, aud Much alone, mul 10 inohos Tell dunng tho Tour months preceding 

Dunng Llic spimg ol 190 ( 1 , a laigo pmt oT U10 piecipitatcd mouLme lonuuned in the 
giound, which was pioviouiJ} diy, and Iho ainount of cvnpointion wsa munmisod by 
tlio continuous suceessum of cloudy and lainy days The year alTonlcd an example of 
tlio oonocntiaLion of an oxccssivo annual lainfall mlo a Bhint panod, with all the con¬ 
ditions favoialilo for Uie ahsoipLion and lotenlion ot tho moisUuo in the ground Ear 
this lcnsiii, cmuhliiiiis fuiurad Iho production of doboo t os of vanous Lindu in the looto 
malenol eovtiing slni'i 

Tho caitL-dbWs that Iuvl boon dlmuft on mom at less shcilar to tha flomf occa sioned 
liy tho limiting of peat-bogs Tlio causes of than angin and th o ir natine appear to be 
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much tlic bame 1 Sii Willinni Conway has giwn an a (fount of n inud-uuilanLhc, 1 
n swift loi rent ot mud, wnlci, and gieat iouka, in the Himalayas, soincwlut similai in 
notuio to these coith-flows Hticnms and toiicnts ol mud somewhat analogous but 
usually ot glarinl oi lauixt uno oiigin ha\c boon known to flow in tho Alps Moulton of 
these lias boon uiado by T 0 Romney 1 

Eailli-flows aid impaiUuiL is giuug nsr, to new ibaiiinge lints anil modif>ing old ones 
Tliey aio also pawoitul linnspaitiiig agents Tlie initiation ot a new diainogc lino is 
a matin of unpoi lance Once stalled, it is a point of vantage foi the at Links of agents 
of ciosion, which Lhcicupon aio alilo to nuioniw Llicn woik at an arcelcinling late of 
speed Onlj next in importance lb Uie definition and fixing ot cmbiyonic clepicssions 
and gullies Roth those inoeosses aio canioil out sigoiously bj tlicse mulli-flows, 
beside* othei piaccw«s 5uch an the cnlnigcmeut of valleys ami channels alieady toimoil, 
the tianspoitation ol matciinl, tho difeUucbon of the icgulanty nt contouia, and tlio 
tiansfoiination of biufncc lock inaUnial into a I aim a&sily liuun able othei wiso, thus 
in c\'ciy oohc supplying heltei kvcingo foi luiliici dostiuctuo action 

Eaitli-flows usually oiiguialc m mmoi depicpsions oi m nlicadv wvll-loi inert gulbcs oi 
vallcya, time being Iho places most subjoel to the ronunlialion ot wnlci hut m some 
instances they oceui on the convex Inco of a slope, whmc the icmoval of sod develops 
a ikpicssion foi tlio hist time, amt a now ihainage line is made possible Tho soil 
dtibiiB that ib icmmcd, although piled lughm than tho bimounding tJoiie, lends itself 
only to the foi motion of lindcls bj tlio walai that uses and collccls in the axcavalion 
that im left These small watn-ooiiihcx, onra foi moil, conUol the line of (towage, nnrl 
iPHilt in a salt of supcnmiHkcd diainago whan they have worn Unaugh the dfilms to 
the oiigmnl blopo below Eaith-flowb ol the aboio viuictin, lmgo anti mimIL, with tho 
closely ldoled typos ol caith-slumps, aio thus among tlio un|ioitanl initial steps in the 
development of choiiiago linos in tho Cniiloinia hills 

FAimr-umcius 

Of tlio Unco kinds of landslides thus lm relnicd to, tlio Risl two, eoith-avalanrlim 
and aaith-cluinpb, occm quite commonly independent ol earthquakes Or the thud 
kind, oi caiUirflowu, tlio onlv examples that haw I icon picscnlcd air unmnlialely con¬ 
nected in gonesis with Uio oaithquoL. of Apiil 18, although it is conceded that midden 
accessions of wain to looao anilh might nine in othei ways and occasion laitli-flown 
As leguds the fouith type, the cuLh-luioh, it is difficult to conceive foi it any other 
origin than an earthquake, since it ft caused dncctly by the hoinonlal jcik of the giound 
and con not ho pioduccd m any othm way Li tho dotailcd account of the dfttiihulion 
of appaicut intensity, a lniot account ol them siipnhual inoscmante of tho giound has 
been given ami nood not hmo ho lepeatml They aio best exemplified on tho flood 
plain of tho Eel Ilivei, west and noith ot Emulate, tlio flood plain of the Rusman Rivei, 
tho flood plain ot Alameda Cicck, ncai Alvarado, the flood plum of Coyolo Rivoi noai 
Milpitas, the flood plain of Pajoio Rival, and the flood plain of the Salinas Riven 
(Plates ISOs, b and 137 i,b) Li all those localities nicks wure foi mod in tho alluv ium , 
genu ally paialld to the abeam ticnch, and the giound between tho clocks was caused 
to luich hanrontolly toward the blicaxn, usually with a latalion of tho movad mass, 
which gave to it the piofilc of a Basin Range fault-block in inmiatuie, the portion of 
the moved sbip fiuthei fiom the sticam collapang into the \acuity «mnH by the 
luiohuig 

*0 A J Galt, Nairn c, Jan 14,1H07, vol 00, pp 2U-2M 0 H Xinaban, Nataic, Jan 21,1827, 
ral AS, pp 968-200 

1 W H Conway, (limbing in the Ilimalayna Nrw \orir, 191, pp 118, 188-130, 828-824 

a T G Banney,lloininmandUudBticanamtbaAlps Qeol Nag , Jonumy, 1802,p 8 










PLATE 139 










& IMrfikfimkl Iftb 







MINOR GEOLOGIC VL EFfcLCTB OF THE EARTHQUAKE 


401 


Along Iho bench oi und-cpil winch sepai ties ilia Sulinas Itnoi Eioni Uio Boy ol 
Hontoiay al Mom Landing, tiuio whs a luuikud hitching of llic spil to waul tlu lionch 
ot iho mu ns ilhiblialcd m plaleb 134i, d mid liiii, n 
Luiching ol ult giound was nlbO exemplified on Uu> lulal uiiul (lain ol Tomnlca Boy, 
and on Ilia "made land" of Han Fiaiu'isco, bul theio liuing no (ii-nch m Uuno COM's, 
Iho movcinonl caused a lidging ol the nnfiuv witli coinpenviiuig depu viunis In Uio 
com ol iho mode land in Han Flauciaco, niul isnliaph gmunllj, ilie dcloi million of Urn 
suitaco due to hitching was complicated by lliu settling Ingfllict ot the louse nialeiud 

CRACKS AND FISSURES 

The ciRLhb in Uio giouiul winch apiieaieil at llio linio ol Iho ontUiquaLc Tall into 
ddlcionl calogoun Ot Uwso theio oio two distuiol down 

1 The ciook ot fissure or Llio tnmn liiult, whu.lt in a Mipci hual ovpiivbion of tlio (lai'p 
lupluio of Uio carUi'a must tliat caused Uio cai Uupiako Assoctalod with this na n bu!>- 
clou ato the auxiliaiy onuln and fumes which oio aupmfuial oxpiomuns of Inanoli 
rupluiaa 01 subpoialld lqiluiob, guneinlly dose to Urn main tupUiio in Uio Rift aonc 
In Una olnvj woulil oho belong any ciooln dim to supplementary loidluig in Uio genmal 
aone of dislinbanco, it such Bupphunonlniy laulting exists, which is doubUul oxcopt m 
special malaiicts 

2 Tlio second genual duss induiles Uioso oiacka and frauiai which woie caused by 
tlio caithquake, as a lesult of Uio commotion of Iho giouiul, aiul liavc, tliciofoio, liccn 
dosignatod oa sooondaiy. 

Tlio mam ciaok, or foult-liaoc, and Uui auxiliary creeks salelhLio to it, have been 
dauubod in Uio acoUon oT Uio iquit iloaling with llio oaiUi niovcniout along Uio fault 
The bccondaiy oiacks, uannuoli aa Uiey oio an nuluiatioii of llio intensity of Uio shock 
at any locality, liaso boon doaoubed or icrtaiod to m Uui bOoLiou dealing with llio die- 
LiibuLion of intensity A liiiof revuiw of Uio plionoinena ol narks in Uio giound, apaxt 
flora Uie main fault-trace anil Uio awnluuy oiacks in Uio Rift aouo, will, liowovor, be 
given, oven at Uui link of aoino elighL lepotillon 
Hinoo BQmo of tho ciaoka to In lofoircd to can not with coiUuiily bo placed in ono or 
the othm of tho two fundanumtal oIbbbqb above nulloalod, it wdl bo round convenient 
not to faM Uial clauiAoation in all obbqb Along Uio aonc of Uu Rift there wmo many 
, secondary ciacka, as well as thcao dotted aa nuuhoiy, but iL was not ui ovary aaao 
passible to dlbaimmata between them Thoso secondary oraolcn ooeinnxl both on hill 
dopea and m alluvial bottoms. On tho hill alopaa Lhoy wmo very eramuonly awociatod 
with landalidiw, a markod the inception of landslides, and Huso liavo already boon 
diaoust On tho bottom lands of atiaama oi ombayinouLa in Uu Rift aone, clocks in Iho 
ground wmo axcoodingly oommon for tho ontno longlh of that portion of tho Rift along 
which the fault extended In vmy many ciaaa than (nooks ware associated with tho 
lurching of soft incoherent matonala, juat aa the maeka on tho hiOaidn wmo ‘"■mvn <a r 1 
with mmo caramon phasaa of lanrididing Thera wore also, howtrnn, many aaolcs 
quite diaaooialod Liom the dsfoimotion of Uu aurfaoo due to limbing, althoug h thmo 
was doubtlaea m theao caeca aa moflootlva tondenqy to linohlng 
Beyond the aone of the Rift, mocks wme ofaaarved at many These wore 

moat oamman on the bottanihlaada of the Btreama, notably the Ed Rbrar (pinto 188a, b), 
the Rm—an River (plate 180a, b), Ooyote Qedk (plate 140a, b), and other atamama at 
the south end of the Bay of San Fnuuuaoo, Ea|are River (plate 141b), Baa Laraneo River, 
end the Sdlnas River Many other smaller aheuna might also ho mentioned In 
these caam the arecks were usually aaooiatad with the phenomena of lurching of the 
alluvial dapoolta, though maa£ creeks also occ u rred where no suoh emrnn'atilnn waa ap¬ 
parent They woe m nearly all caaea found to be parallel or aub-pazalld to the neoreit 
Id 
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iKHlion ol tlio blicdin ticiich They veiy common!} extended fu scxciol hunihul tcct, 
in qaiac instances toi soxcial hundicil >biJs, and woie chaiaclmistically uiaugul in 
lincai senes Tlio clocks m Hie sciics in sumo cows ovtiLipl in &A don, ami in ollioib 
Lliex wmo in giuups of paiallcl clocks in belts a lew huiidiod tcel wide In no case wna 
tlicie an\ suggestion that they wna inoic tlum puuly supuhcinl phenomona A unii[ue 
lnaiutcbtalum ol suitncc mocks ib that descubad by HoLlhcs and Ciondoll in the viunily 
of Lixximoie (Sea plato 141 v) 

On tlio hillsides and lidgt ucsts, at points not within the Hilt tone, ciarkb sni of 
common ouuiicnie Most ot llicso wuo umnictnl with landslides, as has been indicated 
in tha suction dealing with that subject Roadwaje and ulificial embankments who 
liaituulaily susuptiMo to damage lioni such macks But some of the ciackb hud no 
uppaiuit conuccLiun with landblukb, actual oi incipient, and these uo of csiimal 
intcicst The mobt nentlicily oic llio-c dobuibcd by Mi E B Loibcn in tho legion ninth- 
went ol (Jovclo, Mendocino County, as set loiUi in tlio iccoid of intensity Some of the 
uads dcsenUil by Mi Laiscn u«4 the ufets ol locLy mlges, end nllho it was not 
IjowUo to lolluw them foi gicat ilManeca, llioy ovulently cxlind down into llir lock 
It is mnaikaUc tliat in the ilioliict when these clocks occm, tlicie was no e\ ulenci 1 
ot a local iibO in intensity and, tliucfaie, nothing to ouggost that Llioy woie the scat of 
a supplementaly locil outhquake The piobalilc uilcipiolalion ot tlus ocuuucncc is 
tliat they aie ucondaiy ciaeks of a latluu exceptional kind, in ground tliat imputed 
no xci} sc veil sluking to lupluia it supcihcudly Ciackb of a sinulai cluuaclui wen* 
iiotnl by Mi C E Wcnvm in tho L'lcu Like disliict uul on the flanks ol Mount 
Bt Helena 

On the Han Fiancmco Fciuiwulo, nunilu ciackb woie obuivod by Mi li Ciamlall on 
Calull Bulge ornl Sawyoi's Rulgo, end aio ilebeiibed by hun m hib account ol tlio ills- 
litbulion ol intensity in that legum In tho Suita Ciu/ Mountain*, such (trucks wine 
common anil an; dcviiliod nune m 1ms in dotul in tho section on Lho distidiutuui ol 
intensity In gcnciBl llioy appou to be tho robUlt of tho eutliqualm latliei than a con- 
tiibutoiy cause, iltliougli in somo cubes it is quite possible (hat Uiey may have been lot nl 
lupluiOb ol tlio nalinc ot auxiliary macks uul so gave use to suhouhnalc viluatiou 

EFFECT OF THE EARTHQUAKE TOOT UIDZROSOUHI) WATERS 
MONinciNcr or tiir fhonouuni 

Puihaps the most intmcstiug and bignificanl fact which the bLudy of tlio oailhqiuke 
has tnoujghL to light, apai t fioni tho giaal fault along tho Rift, was tho gciunal du>t urlianoo 
of undngiound watms In authquakrs genet ally, tho phenomena which appear at tlio 
suifQLO ol tho cailh havo bcoomo well known and, indeed, almosL commonplaeo m iccent 
}cuo, but what tianspinu in the cuth's must below the unlace, a& tlio culh-wavcs 
gcncialcil at tlio heal of duluibanoe paso thiough it, is as yet a matter of unonlainly 
uul rnquiiy The clloct of tlio shock upon the movement of uiulcigiouiul watei, m 
manifcBtod by the behavior of qnings oiul wcllb, thiows light on thu question A Tow 
pagcB uc, thoictoie, devoted to leooiding mroimotion of this faml 

It oppeub ham tho lapoils that liavc oomc in tliat spuiig» and wells wmo vuij gexuu- 
oily anil vuiably a flue toil tlnoughout the ilisLuihal uca, indicating a sudilon doiango* 
mont in tlio noinial movements of biich watei This deiangomcnt could only havo 
bean effected by tho changes m spaces in the locks m which the watois in the suboin- 
foce legion big eontunml, whothei flowing oi stagnant Those uo of 4 gonmal 
kinds (1) infeiatitial spaces, oi so-called voids, between the nmMfahiim*. hogmonts of 
unpmtcctly compacted loiks, such as sands, giavds, mmU tnn^ congenita ales, tufty , 



PLATE 138 








PLATE 199 








PLATE HO 










UINUR OEOLUGrCVI. FiFl’CTh Ol' Tim 13 V1ITIIQIT VK1 403 

elf , f‘2) Ihe cidiks and iteinrs whuli Ii.l\i*im the itimr I11111I3 ciniqiiu lud (onus ol llu. 
bamclocks,ai ollieis,Micli Ob giamie, Li\a, clr , whuli omui <nil\ in .tbulul 01 eohuiunl 
condition, (dj Uic\LSic11l.11 spoils awl luinii'Nnl Linus, anil (4i ihcspacrhol dissolution 
\ilncli ocl 111 licquentlj 111 lulativuly soluble link's imul»l\ limc*lniir TIic or cut mice 
of wnlei winch lines iuiL paimenlo llu* uxks mil lluw tin u llutii, Iml ih cuntanuil in 
small disci cle uvilii** 111 locks, Midi ns the liquid nu Imuuis 111 igiu'inis lucks ami 111 the 
coiisUluuiil iiiiiicials ol bcdiiiiciilniy nicks, is I use igmmil 'l'liiinuit. the (irisl 
Ranges ul Calilui mn, liiiuMuucs up mil iilniiulnnl and span's ol ilissnluihin .up Iwlimsl 
lo ha\o pluvcil no jmiL 111 Uip rluuigcs wlmli wise nininlphlcd 111 Die Ixliavun ul spiiugs 
uid cells 'llu- same iciniuk hole is willi iclci cnee to vc simUi mul linnipleil lavas 
Tlicso changes wpip Llius aniiliiuil lo the voids ol pm ous and usually 111 lie cnlipiaiil 101 kb 
and to ciacks ami (issuiiM which liareiscd llu* cciIipipiiL inrks, whclliei pcnniisoi mil 

In llio discussion ul ccilmu nuih-llcms 111 the pipmhiig sciLuni ul this icjmiiI, Die 
inilialion ol which is nsLiilxil Lo a sudden mcession ol w.ib'i I10111 llu> 11 udeilying loi- 
iiialiniis, aLleiiliun lias beau aliendy dim led In tui e\lieiiip phase* ol llu* disluiliaiipc ol 
tlio lioiuial uimliiions ol llie grnimil-wnlci In (liosi rasps llie gi omul-walci wiih suds 
dculy expelled or miupcjiiI 011L ol salmaled, iiuxihcii'iil IcuiiuiLmus al llu* Limp of Llip 
shock They aic exLieme iiianilcsLiilioiis ol a Ipiulciny whuli allcpled llu* gioiiml 
walpr gciui illy ihiiuml Lite disliulird legion I11 Lius rniuicrlion, 1L may Ik 1 well 
lo diipcL alleulKiii imne jnihciilmly Ilian lias luiluiln Inch dune In ihc liehavun ol 
wnlei 1 oulauied in Urn alluvium ol Ihc iivci-IhiIIoiiih Due nl llu uinsl riinuimn phe- 
iiouuiuL 111 surh hiln.il mils was Llie cxpulsiiiii of will pi hi |cls fiom Hjicrluics whuli sud¬ 
denly apjieaiud 111 llie fIal-13111K luniuul The wuiei was usually Ihmwn mlo llie an lot 
several fed, 111 scinu 1 eases it was ippmlnl Lo Ijp ns iiincli 11s 20 levl, aiul llu* ejection 
coiiLuuiud fm si vend nnuiiles nftei llie eaillu|iuikp The ouiilmiinnrp ol Du* ejerlum 
allci llioshookuuheales llial an eliisllp sLipss luul lieeu gnu laled 111 llie saliiraLnlginuiid, 
wlurli ihus liiuiul ipIipI hi Llu 1 expulsion of Llie coniauicil wnlei 01 llial ihcip was a 
giaviLalionnl willing lugrlliei ol Lho uialciinl, wlurli duiuuislipd I ho hinicps dpi ii|Jictl 
by wain The wills thus cslulilished wise wiy umnrioiis, mid wpip in nuuiy uisUmcni 
ckiscly hpaml, uunu liotpu'iilly a lew lo llu* hcip, and opeRsionnlly iMilalnl These 
wills imp pbmLv lmi^imull ilc lot weeks mul ewu inoiilhs lift or Dip riirlhquakp, 111 Dip 
lot 111 ol rialcalcls TIu* walci 111 iln passage lo llu* suiltue Inrnighl up iiiiisnleiiilile 
quantilips of lino mini, which, fiom ils jn cvail 1 ugly light Mulsh-giay coloi, was pvi- 
denlly (IpiivpcI lioni rousidenililo dejiLli On the flcxxl plum of the Kalinas Mi\ei, llip 
saiul was iccngm/wl liy Die people ol llu* nriidilxnlined Lo Iki Die hump us llial of a 
bliaLuin of band |)ieiepd by wells al a iloplli ol HO leol. The rraUss weip usiudly dis- 
tinolly fuiuirl-sliaijcd mul were liniincd by a oiicuhu flat lulgu ul saiul whuli, by 
leason of ils lighL coloi, was 111 marked cnnlrasL lo llio suuoumliug suilarp They 
yoiipiI 111 (luuiiaLpi horn 1 lo pnhajis 10 fpcL In homo niHlancPb lira luuuds non* 
auvcial fcoL dccji, in oUicia llio fpeblu at bun 111 llio dosing atagos of Lhe arupLum hail 
earned them lo fill up willi band They imp quilo analogous to Uui aatoilols iIcsciiIxhI 
and pictmod inDuliou'b account ol lho Cliailesion oaithquoka 1 0 oo plalos 112a, n 
and 143a, b) 

Thcso malcilpls occunrd on practically all the nluralcd alluvial bottoms of lho 
bticoiiu wiUun the aono ol desb ucLivo effects, and oho on tho tidal mud data ol Tamalu 
Bay Thoy aic sigmficanL ol lho comjncasion to which sudi watm-ladan, inoohoicnt 
f 01 m a lions nae subjected by tho passage of lho caith-wavcs at lho time of the caith- 
quako or by the consequent aottlmg of lho giound Thoy thw oflend us, in pail at 
least, a key to tho boliavun of many npnngB and walla Most of the apiings of the 
Coast Ranges me in solid lock, though they may onus go on a hillside mantlod with rago- 
•U B Goolafli»lBurns},0thAnn Hopait, pp 200-BBB 
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lith and soil Buah spirngs, u a gpnatal iule, hod then flour incieoecd at the time of 
the «x»n»yinVn Tie tendency to compieenon in Aim ioeks would not be so pfleclive 
ee in the ooee of noneohment Bedimcnts, but it would moke itxslf mamtCbt m the gcn- 
emtion of an elastic sbe^s whioh would die out and mage with the not mol giavitative 
stifles vay giadually These would also bo an eHective tendency to bung logclhei the 
walls of macks and flsouice whose planes lay banevmse to the path ol piopagation of 
the eampieasive wave Both ot these tendencies would make foi an expulsion ol tho 
watm The expulsion could not) in moot cases, be eflccteil buddenly, howevei, owing 
to the gieat Encbonsl raaibtance, and simply icsiiHed in on inacasol flow ot the 
Bpimgs at the suifooe, which would continue duiing the life ot the abnmmal clnslie 
obese The duiation of this stiess appeals in some coses to have lasted but a fow days, 
in othm coses it continued for 2 months, os mfeued hem the abiunmally Inigo flow of 
the epnngs This sanation would depend an local conditions, such as the supaficioloi 
deep Bouioe of the watm, the ehoiactm of the rocks, the degioe to which it was ■"""»«* 
with masks, eto 

Tins some genmal explanation would apply to aitenon wells, in which the water 
aoquued and msintained an i not eased head for soma tune In Borne such wells, whmo 
the watm stood noimally at some little distance below the amfaco, it oseiflowad and 
flooded tho giaund m soma mstancea In othm cases, whme tho supply wee not arte¬ 
sian, but shallow wells loaohed the giound-watm, the lei cl of the lattei iaeo Thu 
genmal tendency was oomphanted m some instances bj othm atteeta of tho earthquake 
Sevmal emfaee wells had then level lowmed, and otheib went diy Thh euddon diop 
in the level of the giound-watm can be explained only by a sudden draining oft of tho 
undet ground wateic to lower levels, and thie might bo eflccted by tho opening up ot 
the giound eupmflmally, in consequence of the shook A eunilai explanation would 
apply to the few apnngc which had then flow diminished or cut ofl sltogathei This 
dieining off of the wateis of higher levels would also augment the flow of epnngs and 
wells at lower levels and may m some cases have been the piineipel causa of obeetved 
ineieacee of flow The notewoithy case ot the epnng near TJlnah, dosmibed below, 
whioh cessed flowmg and lamained dry ibiuout the following eummai and fall, but 
lesumed its flow with the advent of the winter tains, suggests that the fiesme in tlic 
look horn which the epnng welled emved os the limb of a siphon and that the watm m 
the Biphon was (Lamed aft in consequence of thr agitation and opening of the giound 
at the time of the shock The wintm toms lefilled tho siphon limb and so bnauglit 
about a leoumption of tho flow 

One of the most common lepaits legsidmg the shallower wells woe the toiling of the 
watm by the admixtuie of eoithy matter, doubtless due to the agitation of the giound 
and the loosening up ot the incoherent matmial at tho bottom of the wells 

HECUBD or BPBINGB AMD VEIU AFFECTED 

A bnef and paitial leemd of spnnge and wells ailectad by the «ai iiiqii«Vn follows 

Montague, SuJLiyou County (0 H Chambere) — A sultur opting was fanned at apmnt 
2 miles south of the town of Montague Biot watm tan bom it fm 2 days, aftei which 
it coded off A soda spnng 0 miles east ot tho town doubled its flow The watm of 
many epnngs was muddy Em sevmal days aftm the quake 

Benny, Trinity County (P L Young) —At a small quaiti mine neat Denny the dH»v 
doubled the amount of water flowing from the tunnel 

Peanut, Trinity County (Mia B Dillm) —There was an increase in the watm in the 
ditch which comes ham a —gulch The inm eased flow had not diminished up to 
May 6,1900 
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Bi Iceland, Humboldt County (J AY. Bowdon) —Tho pieusuic on die flow or nnluial 
ga<i was doubled in the vicinity 

Condo, Mendocino County (E S Loiacn) —Some apings and welle in the vioinily 
went diy, while oLhcib flowed moic hcdy 

Laylohville, Mendocino County (A S Eaklr) —A eulliu spung luul ltd volume of 
water moiaorad at keel thicofold V}' tho dioak, ocooiding to icpoil 

Mendocino, Mendocino County (0 II Rittci) —WelKi in llio lower puit ol town 
bocamo lull lo outflowing end a heavy accpngo ol watn wus obwiYiil m Liu. yeid ot 
the Alhambia Hotel 

(AY Mullon)—The flow of a numhei of hpimgi wns liuneascd 

ULwh, Mendocino County iti D Townlcy) —Tlio waloi in lira well at tho ObacrvHr 
toiy was my noticeably icdod foi ecmul Uuys alLor Lira sluick Tlra Ukisli puns foi 
A pill 27 rapoilb eomo vciy marked changes in the flow ol spmgs irau Ukinli A spring 
noai the 13 Clemons Hoist Company's ianoh, winch mipplrad vratm ioi domestic anil 
laneh pui poses, sLopt flowing aTlei tho eaiUuiuuko Tho luirh n about 2 nulu iimlh 
of Ukioh and a little west ol the eontm of tlio valloy, ami llio sping ie in the foot-lulk 
on Uic odgo ol the volley, ncnily a nulo lo llio west or lira ranch Pipes connected the 
spung with 2 tanks on the. ianoh, lira spung linving supplied lira lanrli wlUi walor Cm 
a gieat many yeaie Tlio foreman, John lathed, blates Dial lira day after lira eailh* 
quako it was noLiccd that no wain was (lowing into lira laukb frum tho epiing Inves¬ 
tigation allowed that lira aping, winch conus out of look, woh absolutely dry. Mi. 
EUliod and hw mon wnikecl foi Iwu oi lluvo weeks, digging, dulling, and bloating, in 
tho eflait lo lcgam a supply or watm, but tlrawi ollurts wcio futilo and wane finally 
ithMidiwiefl A well 75 fool deep wus dug on lira laneh and n wnul-indl moclocL Elchcd 
wont lo tho ailo of the spung mmol Innm dining tho summm anil aarly fall, but thorn 
was no watm Upon gouig lo Lira place in Lira cuily pail of lira winlm, of tar lira lams 
hail begun, it was found dial the apt mg was again flowing wllli a hugely nraroeud volume 
of wntoi lie osLimalod that tlra flow wm almuL doubled Tlio spilng wee still flowing 
with lira inaoBscd volume on Much 15,1007 

Hemlock, Mendocino County (C. D 0 Bowen).—Some spunga flowed mom abun¬ 
dantly altar the shook 

Lake County (C E Waavoi) —At Highland flpiuig, in Luke County, nono of lira 
springs duod up, but ono now soda oping was forraod In tho Pronoiscan looks. Tlra 
nuncial springs in all pails of tho oounty eio lopartod to liavo lncrcasad In flow anil 
numher The eitaeian wdle in Scott's Valley, wnel of LakoporL, have cUinlunhcd m 
flow, and sovnial have atopt flowing Many welle have duod up, but this wee not con¬ 
fined to any pulicdu locality or put of the county Tho shook nppaionlly had no 
cfToot upon the watois of the noithcm part of dear Lake, noi upon tho op mgs in tlint 
put of the disluct 

Lakeport, Lake County (J Ovmhdhor) —The flow of many springs Increased an 
account of tho HMUigiwim, while the flow of artooun wdle doauaeed. 

Annapohe, Senama County (G AY Fiscua).—Wells and op logo have gone dry in 
places, and water has come to the sin face wham there was none before 

Sebastopol, Sonoma County (R M Hathaway). — The wdle m thu vicinity won all 
etnred up, the water becoming filled with sedi m ent, ea tho a heavy rain had waaht in 
mnfoee wotei A email book a little to the left of a fluun In the ami an the Hhindon 
place had its flow of water bo uwnased that the owner of the pHaoe had hie attention 
celled to it by the roaring of tho water 

Santa Roea to Sonoma, Sonoma Comity CE 8 Lueen) —At the uty pumping elation, 
15 miles east of Santa Boat, theie an 4 wells, dug 50 feat and commoted with a tunnel 
450 feat long. Within each well there ie a band well S Inohee In diameter end 108 feet 
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decpei <lwn Uie ilug wall Hie wall 1 began to use umiiLilialelv aflei Ibo shook, niul is 
10 tccl lugbti than bctoic, alllio the pumps hnu, been iun lu then lull capacity 
The waim apiing at FoLffis' lantli. was little allcclul, exti.pt that fen a day ai so allot 
the hhoilc the watci in tho aping was lowet tt C'urnad tandi, noilliwcsl of Molita, 
tlicid aie numeioua wnim apings, about 1U0°, all along tho bast* ut a hill, which hate 
liutl thou flow incieased veiy much Mi Stiiddh thinks that thoio is Ion limes as much 
woiu Ob IxfoiP, anil that it b a little waimai lie also tells me tbat the flow is giailually 
tlw .1 rnking ngmn The spings al Mehta, along the math side ct llic lull, have behaved 
much like thoso al Com ad's I am lokl the week about 2 miles lu Ihr umlh lias nscn 
eonsaksabh ^nLO the shock 

A mile ninth ot Kenwood tlicie is a well which wab diicd up ahout a veai ago liy on 
culhquakc, and luul to be dug dccpci This chock dul not an cm to affect it 
Glen Ellen 9pungs continue to bo changed, usually ineioasing thou flow, (ho a few 
spings went diy At McEwon'a Ranch, 3 miles west, both cold and hot spings nia 
flowing mueh mom walu At the Stale Home al Ekhidgc, a wum spuug stalled almul 
0 75 nnlu east ot Uie town HoL spings al Agua Calu nte have ncaily liohlcd then flow, 
and the tempcietuio has nscn fioin 112° to 1U° A opnng wluch icquucd pumping 
bctoic non flows 

Boves not Spiing has unloosed a Little and now flows without pumping Hie 1cm- 
pcialuic has also mcieabed a little Scvcial youis igu an caithquake stopt tho flow, so 
that pumping has boon loquuod until llua last shock Al Sonoma tho wclla anil sp ings 
suppling the city ue flowing moie than befina 
T e/nans' Home, Napa County (A Brown) —Hu? eailhquake caused the spings to 
flow moio hill) Loi about 2 months, aftoi winch they tetuined to noimol 
Napa, Napa County CT Hull) — In many eases apings uuneasod then flow 
Redduiq, Shatta County (L F Bassett) —Some apings have been lopoilcil to liavc 
moicnncd thou (low and to have a Iowa tempos aline 
McCloud Rivci, Simula County (jCkieo Enteiprue) —Spings in Ihc linioslono lx*ll 
above Bond, which weie Ebimeily cold and eleti, bccime waim and milky 
Alleyhenji, Siaia County (W A Claj ton) —Hie eailhquake changed the flow of 
watei m mines and apings 

Suuun, Solano County (E Dinkekpicll —Hi Mdlei's gas well, 3 miles noilhwcsl of 
Suibun, gave ttneerohl gicatei volume ot gas loi 2 weeks befme tho coilhquoko then ll 
dul nftawaid 

Mai hnu, Conti a Cm In County (R IVulacid —Alhomhia Cieck is saul to liavc nsen 
2 foeL aftoi tho amlhquako A small slieom to tho cast of the town, which is usuall) 
thy May 1, now lias considoioblo watci Tho name is lcpoited of analhci sitcom 
aoulh ot lawn A well in tho vicinity, in winch the watci hoe alwsja been scveial foci 
below the suifaco, is icpoited to bo filled almost to the suifacc 
Stockton, Snn Joaquin County (R Ckondall) —An dd disueod gas well ai tho Cil) and 
County Jail had a flow of watm stalled m it by tho oaithquake This flow continued 
hn about two weeks, altei which time it began to diminish In a gas well, at the Cilv 
and County Hbuptal, both the gas and watei flow had been doubled and had continued 
eo up to tho tunc oF my visit 

Ripon, San Joaquin County (T H Wren) — I have 18 aoie» of eltelfa land, which 
watei oil with an inch less watei ovei the head-gate in 1005, m 17 to 20 horns This 
yeax it took 25 houie to watei 13 aoree, all conditions being tho same as last jcai except 
that the land was mine locked and should ha\c wateiol quioker Otheib have made 
tho some obanvatum 

Sunni, Alameda County (R CiandaU) —The level of the ground-watei aiound Sunol 
was all acted oonaideiably: In most of the wells the water xoee, some ovei flawing far 
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a shoi l time Tlio posluustu gave 4 5 li el a* l lie nu iisuicd iwo ol I lie walu m lus wll 
Tlw spinig winch 1 in ill'll ici the Uiwn supply is snul lo luo c liecn iliiuuiisluil by mie- 
tuuilll ol lib (low Two Ollui cll'tllglh 111 Vull 1 supply Will 1 lepUlletl mu? Ix'iup (lie 
stalling ol A non spinig uiui 0110 ol Uiu wi siei 11 l*ai ifiu inuiiis in Niles Ouiyim, llu* ullwi 
the lejuvenaliou nl an olil sulliu hpiing mui Siuuil, wlm li luvl mil (lowed lin ninny yisiiH 
Calamas 1 ullei/, Santa Chan Cmudij l(f V Zolliunii) —The hpnngs iii’iu Mi llnlieil 
Iugh son’s linusi, 111 seiliiiii 22 on llu* uilge e.ist ol (.ViLiveias V.illi v, Ix'i'.uiii’ iniiddx 
allui llu* slunk .uul li'iiuuiied mi Ioi Inn 01 Uucu iLtts The Miluuu 1 ol Mali 1 disi luuged 
by llu sjuuigs mrienscd lo nhuul loui limes llu iisiuil aiiuiuiil 
Alratadodi W Huul —\lllu* VIxai.iihiHiigiu Mill.inwei.ilwi'lls,riuiiuily (lowing 
Allusion wells, llu* xiiilpi-lnlilu is now n lew leel Ix'luxv Llie siul.ue, llu 1 wntei-level luiving 
liseii nl llu* (mil nl (lie c.ulhi]tiiiku In (lie netiiiiipniix'iug lulile me gixeu llie lu'i^hli 
ut wnlci 111 n iiiiinliei ol wells nlxiul (lie null, leleued lo 1111 iinsiiiiusI level JO livl aluive 
1111 nssiiuu il I use These wi'lls will* nlisciml daily lx line nml ill Lei (lie 1111 lhi(Uiike Ju 
innsl ol lliem llu 1 wnlei hiiddrnlj iim* Tlie lendings show llinl 11111 lew cuss (ho wnlei 
lusu limn 1 lo 2 reel A well wlm h used (0 lx 1 1 iniMileii'il uouil) ihy Ix'giui showing daily 
fluctuations, t widowing neiulv iwiy iiunuing hn miiiui weeks 0(11*1 llie 0111 llu(mikr 
The figuies luno giion aie lin uii'asuu uienls nuule 1111 Apiil l) and II, (iiemling llu* 
cmllutiiakx 1 or Apul IB, lOOli, anil llie iiuusiueiiieiils nuule on Ainil 21 and 28 ill llu* 
some nioulli, aiul May (i sulwwpu ul lluielo 1 
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* No M, Apnl JH Ilniw pump was taking mb 1 hulu tills mill wlinn miuMUii'iniuil viih litkui 
San Ftniutvo Peninsula (II Aiidenxui) TIuiuhiI (ho ventral (Million ol llie Snu 
Finneiseo Peninsula, llu* rluef gcoliigiral ellecls, aaide 1 10111 llui aelunl 1 h*q)lnr«*iiicuil along 
Uw (null aiul llie shunpiiig and M'llluig ol Biluxini giouiid, imo llui nirienwsl 1 in ulaliim 
or waler mill its diseluugo oL llu* aui riu 0 The iioi 11111I flow id wnlei linin springs was 
much disluibod Tlie wain was usually muddy rn milky H Is ii'pmted lo liave (lowisl 
sally Horn ono spnng lot 2 days allei llu* cmllutuako, nllei (his it leluiiied lo ils usual 
puuly Klioanis weie eousuleialily swnllou leui|x>imdy, anil wnlei Inspienlly came 
lo llie auirnre wheio il hail uol uiuih* ild appearance lieloio 
(R Ciamlall)— Vl Mi Elmglil'b place, al the lowei cncl ot Uie lake 111 PdareikM Can¬ 
yon, Uic spnng walei used Ioi house bupply is said lo have been milky while lhe day 
ol the eailhquakc At Bjine's sloie, on lhe ETall Moon Bay loail, 0.1 mile west of 
Giyslal Spirngs Lake, il was leporled by U10 kocpci thal tha walci fiom thou apilng oil 
tlio day ol the shock was mudily and was not lasted, on the second day it had a vciy 
salty taale, and on the Ihuil day was again noimal 
Santa Clara Valley (J C Bionner) —At Menlo Pmk, a mllo noaioi Fan oaks Station, 
an mtcsian well flowed loblor after the shook At the Scale place, on the Embaicadcio 

1 Unca tho wolli in thn dulzut fluctuate in lo\el with lha rfau and tall of Urn tide in tha bay, a oor- 
rectKm would luxo to faa nmb for thm influaneo bofoio tha efllaat of lha oarthnnalm upon tha under¬ 
ground 11 atpr could ba Inlnmd fiom tho flgnroa Riven In the table If tha hour at which tha lava! of lha 
water u lha 11 aDa waa meow red a known, tha eonaotkm may bo aacor talnad and applied al aqy tuna 

A .0 L 
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load, hom the lailway aoanug at Fab Alto towaiil the Bay of Son Fianrisco, a well 
km icopciuhl Olhm wells showed an mcieaaed flow and biougjht up saiul At Guth 
Landing, and routbwaid along tlaa load into Mountain Yiow, the flow hom boicil udh 
had lDeieaaoJ. A wind-null which hod foi yeais pumped waU.i fiom a well was no longoi 
neoesaaiy, but tlie mtcbian watei was muddy At the Ymgo Ranch, B milrn ninlhoott 
of Mountain Viow Station, thoie was an ai lesion well which had, faefoic (he shock, (lowed 
slightly 01 nnt at all, and a wmd-aull was uaed to lane Lho watei Altei llio shock it 
waa found that the casing had been shoved up 2 foot, damaging the pump The flow 
ot wain was inmoaeid, and bleak sand waa bought up Anothci well at this lanch 
wok unabeLtcd Along tho JagoA Landing load, 2 aitouan wdls had inucased picRsure 
sltei the diock An old aitoaum well filled with atones had begun to flow foi tho fuat 
time in several yeeie 

(II II Tsylcn 1—The watei in an uteaian well 215 foot in depth, noni Millbiao, was 
railed by the cai Lhquake ami icmatned so lot eevotel days 

Son Jaee, Santa Clata County (G F. Zoflman) —Waixn and mud aio lepatod to 
have spin tod hom many si tenon wells 

(W S Piossoi 1 — A well non San Jose woe lepoited as having inoicasod in flow lho 
dav liefoie tlio naittupiake 

GiLoy, Santa Clma County (M Council) —It la lepoited on good aulhxnily that at 
Gihoy Ucft Spiuigs the tomposaliue ot the wahn iuae ncaily 10 s and the flow ineionscd 
to 5 tunes the usual volume 

Bdlvale, Ban Mateo Comity (Mm L E Bell) —Some t pi mgs diicd up end olhcis 
InokB out with a gicat gnsh ot wntos, whoa no watei hod flowed bofoie An oil well 
ficm which lepnl salt watei, oil, and gas hod been flowing since 1808 bceamo suddenly 
diy and a similar flow began in another well 2,000 feet deep, at a distonco ol 000 Trot 
to the east ot tho fust well, when bofoie nothing had been found 

ITiigM, Santa Cnn County (Mias F Beecher) —Most of the epiugs are tunning with 
a gieater flow uiiob the cai thquake, but the water m our well on top of llic inlge 
sank lapully to (Jho levol it usually holds in August The watei u all wdls woe vciy 
roily for some days. 

fimnwit Hotel, neai Wnght, Santa Cna County (H R Johnson) — Thewdl at lho 
summit, ficm which lho Summit Hotel obtains its watei, hee its bottom on solid look. 
AFta the shook the lovd ot the water m tho well ieaa 12 feet 

Bouldei, Santa Crui County (J C Biaimn) —At a sawmill mm Bmliliy Greek, 
watei atopt tunning hom a hilheito pcuoanent spnng, but another in the mnghbmhood 
was flowing moie hccly than bcfcie. 

Felton, Santa Crua County fMwa F Looks) —All tho apungs on lho piopoily of 
Mm S Amici son, a mile east of Felton, gicatly me teased in flow 

SoquA, Santa Ct us County (W E Wheaton) — I have a didlcd or boiod woll, yidd- 
ing a magnificent flow of oleai watei From thiee to foui weeks pievious to the eaith- 
quake this 76-foot well began to show signs of agitation below tin auiface Evoiy few 
days watoi heavily mixed with sand and giound ohalk rook was pumped up I know 
that something was gpuig wiong down under ihe earth, owing to the action of this well 
When the quake came, it diove both fine and eoaue «m»> mto the casing, which put tho 
well out of oommisflion entuely 

Chittenden, fluita Crus County (G A Waring) — Near Chittenden a ™rin«i increase 
waa noted m the flow of oil and water, and more gas and suitor appeared Inthe nagh- 
boihood of Santa Ana Peak, tho flow of g»in p was wmwmin^ 

Prunadab, Monterey County (H H Molntyie) — Water started m many plaoeawheie 
then had been httle or none before the earthquake 
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Sahnai, Alnnincy County (G A Dauglioity) —In many pliuw wnlci oarna up Ihiu 
open Assume, u one place about 8 mill»fiom Snlinns, tlio watai covered about 80 acres 
of land 

(B M Abbott)—Watai qpouLori fiom boll's iu the giouiul to a considerable height, 
anil floodad tho holt Is 

8m Aiio, Monleicy County (U A AYming) —At Son Anki, quicksand wna thiown 
up in a well, socming to lesson Ilia flow consuloialdy 
Paiai&o, Monlucy County (A 8 Eaklo) —At Puaiso HpuugM, tho qualm affected 
the undcigiouml woleis Aocoidiiig to llie owner, Bits Ronuc, Llui supply of watai 
fiom tho spungs had boon diimnislung Cm sumo lime, anil tho tcnipoialure luul been 
daareasmg Iiumcdialclj afloi Lius shock it Imuuiio nooobsaiy to pul in a laige pipo lu 
oauy oil tho walci, and tlio lompeinluic lias lcsumoil its iioimal stalo 
Lonoak, Montea ay County (J RisL) —Tlie caiLhquakc caused springs to flow moio, 
and tlio wain torn in aomc walls 

8m Rondo Valley In 8m Joaquui Valley (G F Zollman) — In amno plaooB about 
li milm nmthwoBl of Boil'd Station, on tho Pacheco Pass load, apiings woio lapoitod to 
be flowing 2 oi 8 limoa aa muoh water an they had inevioua to Apnl 18 At a ianch- 
houao 7 miles from tho pan, on Ilia coal side of Pooliooo Pan, the inoicaao m the flow of 
water fiom Bpnnga in the nrighlxuliood was ooid to havo been noticeaUc Spunga 
wme rapoilod to have opnnod up consulnably Uuuoul tho lagion mound HmmoL P.0 
Stone Canyon, Monleny County (G. F Zoflman) —la tlio neighborhood of Stone 
Canyon Goal Mine, the people claimed that tluno was n euildon iiao or tho wator of tho 
wells immediately after tho earthquake 

Dudley, King’s County (0 D. Boiton) —Tho gas spiiug an aeo 22, townslup 25 8 , 
Range U E was started into gnat activity by tho eaitliquako Foimoily llioro wore 
7 places where gaa oould be aeon occasionally blowing off Ihiaugh a shallow pool of water. 
Now than am mam than 50 places whoic gaa blows oil continuously Tho quantity 
of water was greatly lnoraasotL Boneath those gsa spring* tho giounil ia diy and hot 
BoJtenfltM, Kern County (A G. Giant) —At Lesion wolls 80 miles north of Bakoia- 
fidd wore rendered muddy by tho ooithquako 
OoU, Madera County CT. J. Rhodas) — Several springs lneioaaod about ono-lhird 
to ono-half m volume 

Steamboat Sprvnya, Nevada (J A Bold). —At those apilngfi tho water is constantly 
balling For about 8 days after tho ooithquako, the volume was oonBldmably inarcaaod, 
and the water beaama notlooaldy tuiUd with mud. On the north end of tho highest 
siuter terrace, where harutofore the waters hod boon invariably dear, canmdarahlo 
quantities of mud warn discharged. This material is now lying dry on tho whito sur¬ 
face of tho sinter and is gradually being blown away At the extreme north end of tho 
active apilngs, where several mud spirngi have always existed, the change was notioed 
in tho monoaed activity. One m partioulai formed a low eons of dark-oolared mud, 
which is now diied and mocked. 
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Thu libt ol atli i-^hnrhs gnon below lms bean oumpilcd bj A O LpumIiiii'i ticnu 
nil lupuils Ihil lute como lo hand TliChO icpmLn include nol iinh cniiiniunu ations 
ui answui to the llmi on culms soul out, but also othci lopoils hv inloip^lttl oIm ivus 
In mlditinn many sliocks in Iho list wie taken tiom llio scpoiak icpiiits pi luLchI hi this 
\ ultimo Foi tho Nila nt (tniiploLonom Iho shook* lcpoilcd by Pint Alox MoVdio in 
lus iniHit hlv icpniln nt tlin Caliloiuia Sul Lion ot the Clniuilulogical Sum icl ol llio W onllioi 
Buicnu Imvo aho lwon iniluiled A numbci ot dunks haw boon him iiotl m iho hist 
pi oof tiom Plot Alu\ AI( Ailia's C'ainlaguo ot Earthquakes on thu Paritiu Coast 1SD7- 
100b 1 II should lx slated, howovei, that this list ljy no means iLpicuculs a cnmpleUi 
cuumuation of all atlei-shook* foil in California since Apnl 18 Tu ponoiul, it may bo 
sanl that the Iwl bccomus meiaasingly uicomplote with the lapso of tunc since tho gical 
nAiitiqnAl-p Thu is paiticululy due to llicofToils nwle by sonic ot llm ucwspapeis 
lo nuppiesa ell nows legaiding earthquake* m C'nhlotma The list may be consulted 
complete only fui Beikoley, California, whcie sevciel obnoivois liayo cndonvoiocl to iccmd 
ovoiy shock As a mle dm obecivei's name is indnrlod m Hie last column, initials beniR 
used toi ub*mvcis who lmvo icpoilocl moic than one shook A key lo llic initials is 
given at tho enrl ot the list The times me axpienod in Pacific Slanriiud Tune 

Ftaotd oj altar-vhncLi 


“W 1 

DhMh 

lpliwtj 

Fiwlili 

lUmaita 

b m a 

1 18 67 

b 

IV 

Bnfcrky 

S A 

S 11 

2 

III 

Son limit wen 

\ O Ue\ .J G P 

S 11 10 

C 21 

j 

111 

iln 

dn 

111 lid |l V 

Fwhln, A (I Mo\ 

FliIiIp, 1 Cl Ucl, J (. p 

5 21 SI 

1 

III 

1 a Url 

6 22 


111 

KiiilIu 

Nol llm cal sniillu nxL hillnm ill 

a 26 61 

1 

Ill 

lliilular 

bv a fciflu inm-nuilinn 
Prisons in bids icsiiiw i <is|- 

wrsl not nwnkuiul, VII II 
h \ 

6 20 

6 27 

j 

111 

Sin I*i mi inn 
du 

rmblf.A Ci 111 \ 

I (• P 

6 2h lb 

2 

11 

Un Lcky 

ft 1 

1 2ft IH 

1 

11 

do 


s an 

6 21 III 

J 

It 

Ilumholdl U bln 
BciLdiw 

s K 

6 dS 01 

1 

11 

do 

1 K 

6 27 11 


II 

do 

ft A 

6 20 U 


11 

do 

ft A 

6 11 

8 

IV 

Sin FiaiuHLO 

Feabla, A G Hr V , J O P 

6 16 60 

3 

III 

HiArler 

Turn ipainto jnln, S A 

6 41 

6 60 IS 

- 

II 

PIubmv (bul 
do 

ftli^it Wo L to on t 

6 Ou 
b 06 

6 10 lb 

7 

111 

Hu Vitro Pi-mi 
Hu IbnrND 
Bahcley 

Light N E 

2 mnx, ana nt 80 ■, nnr at 

0 2* 11 

2 

II 

da 

41b, ft A 

S K 


1 Bnulhaoniaa Ui*aollumun Calldcliana, put ot rol XLIX 



urconD m vm r-sikk'rs 


111 


Jfttturf nj nlUi-JwiLi —(miliiiuiil 


Ihi 


Ipi is, a ih 


Umiimii i 
dnk 

lllURIRID 

IniHMii 

IuirHii 

b m ■ 

KIR 


— 

b III 



Sui 1 inmisni 

Ii III 1 


1—11 

111 II uiiiIImii 

II 12 



Shi 1 min mh 

II II II 

II 

II- 

Hukiliy 

II 11 



III llllllUllllll 

b lb II 


II 

Ml ITinnillnli 

(■ HI 


IV 

hi nil t \ til If > 

b .12 


IV 

tin 

Il Mi 




7 (Ml 



( Inn Itliili 1 

7 117 


IV 

Scnll'i Vnlli'j 

7 211 



ShimiIiIii 

7 .Hi 


IV 

Si iiUS Valley 

S 



Sni limit nln 

h 112 

2 


Ibnulm I'l lfl hi 


8 07 
d 1(1 

H 12 

1-2 


Yulm Hut na 
Mill lltll kH 
Man Island 

H 11 

S 14 11 

111 

IV-V 

4u1kn Ii 

III ikplni 

8 14 37 


IV-V 

do 

8 H 241 
lo \ 

8 14 Ml 

H 11 no 


II 

ban FianiiMH) 

Ml nhimHon 

N 14 48 

2 


Hat imiivnla 

8 lfl 
ti lfl 

fi 


A Iran n/ 
Onklmul 

h lfl 

H 15 

1 

V 

YlHlIilVlIlfl 
Miln Hoiks 

H lfl 

3 

V 

Am kinaiMii 

R IN 

1 

in 

tin 

H 10 
h 10 2U 

1 

V 

tin 

Oukluid 


fl 30 


IV 

Audit Vnlliy 

8 28 


IV 

riti 

h 20 


11 

Tnoluinno 

8 an 



hlorklon 

h 43 



Sail FrancJxm 

8 58 


IV 

Bcoll'a Yallay 

8 Sfl 


IV 

tlo 

0 14 



Bun Fiane inm 

0 18 82 


III 

lit Hamilton 

4 17 


IV 

Bcoll'a Valloy 

0 10 


IV 

do 

0 30 

l-J 


Maaolriand 

0 23 


IV 

Scolfa Valloy 

0 30 



Ban FranolHoo 

0 30 10 

3 

II 

Borkolqy 

0 28 

2 

III 

Ban Franclata 

0 30 

20 


Southampton Bhnal 

0 80 



Mt Hamilton 

0 13 

1 


Bobtt'a Valla} 

0 88 

180 


do 


llnwitai 


I will, N h 

II U \ 

I ikIh. N L 
h \ 

II (I \ 

H II 

k If 
!■ I 

hau I 1 mm ism | mill V h 
pli||lil Suit k uImhiL 7 ■! in 


r r. 

Slljdll hIhiI'L Mulll nlll I Sil hi 
Niaik veiliinl, LniruidNW , 

lift IllWHIl, Jllsl H till , I IlMP 
slinnpiMl Hi IjtRllllilllg, lm 
iInch Hluplv mi bound 
I i|(lil 
hnim i 

MlftlllHlllMk 


\Yn IixiIiiiir il walili wlun 

slunk liiRHii.h \ 

Al SI minus' (llini\Htiii>. \ 
() L 


Hliuip LwmIiiik uiiituiii, A 
UtA 
A II 1L 


G 


Annin 

hliiiiifgLst nl imridla, naund 
lllni cuimm dml, [nllifwmg 
1w isiunliifi 1 n blimp 


N 14 


Nm lilt uH inniiillint kl, 11 ail- 
till luiiiil plwrlu In 1 |i in, 
iliimlltui 2 flb ,m>k in mini. 
Ill IV jUuKlhlM l«Pl II I 
mnlHliln S rliiK k-> In inn u 
\]H Mid |i ni imid \pi III, 
D« III 

N I, 

F I, 

Almil H* ill™ n in 
Vpiy IWH 
N 14 


Nuupaiulnlioll, V (I Uc\ 
K II , A U II 
F L 


Uodciniu, A 0 lk\ 
b 4 


N -S Haiiionlal licmai 10 n 
hLtmc, 1 Hhup dmek lumb 
Ono otliM batwonn 0* U* and 
8* «■. H Q V 
F L 
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Dm Dagggl of Hutu IntanaV} 


Iwdiir 


Apt IS, il m 


h m ■ 

B 10 
B IS 
B -IS 
B 61 U 

V S4 JO 
10 
10 
10 

10 04 JO 


10 OS 
10 00 
10 0B 47 

10 OS SO 


10 00 SB. . 


1 . 


Ill 


10 


IV 


4pr 18iP m 


10 07 
10 SB 


10 30 


10 80 
10 SO 

10 SO JO 

11 

11 00 


11 00 

11 00 13 . 

11 0b 27 + S 
11 U7 
11 08 
11 IS 
11 16 
11 23 
11 30 00 

II 3B 
11 40 

11 47 
11 8) 34 

11 S3 37 

12 0J 
IS 03 

12 03 43 . 


12 03 
12 03 
12 04 
12 11 
12 13 
12 26 


IS 


II 


n 

ii 

V 


III 


III 

III 


II 

III 


11+ 

III 

II 


Beottb Valiev 
Ai 

Ban huoKO 
Dubby. 

Bin Finn avo 
bbyat 
OiUmd 
Uppct iAko 


IV Ukiah . . 


Clovadale 
Sui Fianmoo 
Ptmit Hcyaa 


F L 
F L 
N E 

BonyBcimioginph by B T O 

Might (aboat 10 ~) 

Not tamparaptible.butitopL 
aoine clocLa 

buianiu intensity with piin- 
cipal durt.ui bunco ncni mid¬ 
dle of vi in No clock itopt, 
8 D T 

Oacilktuy notion uitonl 
N E 

Two dntinot vibiutiona horn 
nmlh to ■oulh 

Feltbv Ur Le^ci it Ft Reyna, 
with whom I van mining 
ovai telephone lit tho Inna, 
about 3 a befaro felt in 
FbnUonca J A Boyle 

Bcrkdoy.Ewuyocigiflgmph by R T 0 

BanFlancwoo . . 

bootfa Valley . . BIbU taemm, foliowod in 
about 30 n by hnrdaliakn 
of amal aoeonda Fully 
tho fifth hard ohaka ameo 
S h 13", F L 

Southampton Bioal Weat-eaat Appaient duoctlon 
caat Tremor 6 a aflci fliat 


Ban Ftaneiaeo. 
do 
do 

BootlS Yaliu. 
B F Faninaula 


Ran Francivo 
Bciluley 

do 

Ant id ah 
Bon Aanei'iCD 
BeoUla Villqr 
Bonita Fnmf 
Bcottfe Valle) 
TJhiah 

Gkmnlale 
Upper lake 

fenlbnono 
lit Hamilton 
do. - 
Oakland 
Ban ftancuco 


Hodcmto, A O Ho 4 
F L 

Diatanctly felt on pound and 
aninuf tailing ol loow i»ila 
of binldufli 
Hodcmto, A Q Uo4 
Ewiiy aawmgmphbyR T C 

Students'Oban vnleir, \OL 


longer than imial, F L 
Neaily \mlical 
F L 

Boirthwnt-iiorthcfMl No dock 
Btqpt,& D T 
Oviliitory motion 

anno eloeln to atop, 
not all 

Hndomto, N R 
4HH 
Vertical, K B 

Harbor Lt Bl'n, 41amodaPnr 
T 0 


do. 
do 

Ban Fianuun 
do. . 
do 


■uTB R 

Familty Chib, B A 
4 O Uc 4 

Very liktat, 4 O IIl \ 

A a MeA 

Sbght^umd of ahoit duiatwn, 
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Api lN,]i in 


Rttonl of atlcr-Aock *—Gonltnuod 


Dwalwn IiumIi IinbIiIi 


k ■ ■ 

IJ «1 
1 (IJ 
1 00 

1 87 
J 

X 

J 16 
J JO 

J JO 
J JO 

a jj 
a sj 10 
j ji 
a 24 07 

a jo 

J 26 

2 JO 
2 20 
J 27 
2 28 

2 24 10 
J JH 60 
2 20 
a 30 . 
2 20 


280 

280 

2 80 
2 80 
2 82 
2 80 
2 86 
2 86 
X JO 
2 18 
2 80 
a . 


4 28 . 
4 28 


4 28 
4 88 46 


10 

6 . 


In! 


I-J 


10 . 

15. 


III Im \iipiln 
b« iiII'm VuIIi j 

II Hun Kiaiuiao 
St nil’ll Valin 

WiigtilVi blulinii 

IV B r Pciilnsubi 
Ilinidiolill TjL bln 
BouUuiinpbin Hluial 

hlnckUm . 
bi nil’ll \UIit 
M an Maud 

II Ml Ilniiullon 
ban iiunn vo 
iJnkabqr 

III Ban naiiriHco 


LnaOalao . 

. Onhlnnd . .. 
Main Iriiuiil 
Han Ftiuinirn 
III Ml Hamilton 
HoikoLiy 


Aniloah 
IV BcuLL’a Valli j 


4 mlkw noulli of 
WIchl’aBlntlon 
UUali .. . 

Ban Fianrfarn 


480 


480 . 
4 80. 


VI 

III 


I <oi (Inina. 
Ill Bannamibaii 
VI UUnh 
lU-IV Booll'a Vallqy 
Hallnna 
Booll'a Valloy 
do 

V Lot Onion 


IIHC Ralrigli 

Rallnat Fatal 


Tomaculn . 
IV-V Ban Dingo 


flan TMijo. . 

II Ramona 
UI Ban Bamnidtao 


F L 

V 1 . 

hlulil 1'iiui inilu wuib of 
Wi will Vi blalion 

V liiuii IhJiiiu J p m 

Ymliml lluow nnilli-vulh 
lit mui Kh liafoii, iio iifii-c 
Vi iv liglil 
P Jj 
blight 

Yuy lighl, K G Mol 
1 Swing wiwnngiaiili, 11 'I 0 
undb 1C 


I II B 
Aliimala Fin 
HIirIiI 

r.r hglil, A O MaA 

II I> N 
Yuy Hglil 

Fnlin hold, alopl alook liaan- 
nig on wall facing amilli, air 
pond Burnt dock raring 
KTW IwWNW.puiri about 
8*. V I< 

BHglil 

Blnnl alnrka (counlod 80 
■noaLaupto AiuilMfcH D T 


I II «l 


Italia liaid, F T. 


TJghln, V L 
TJghloi, r L 

Idillln If any in Ileal num- 
mml A lnulHori Hound, 10m 
dhlaut bloniliig lmnd In a 
lnliiOj ma uouood Juki im¬ 
peding minor riioon which 


(blloirod, Indudlnn that 
about 8 p m, I II 8 
Hum ahoaa 

Yeibari pi op HE Jaoiaaa- 
lng In Intaiimljj atarnignl at 
mEldlo Ouak etopt at 
d 2*» IV pend 1B*,T 
■ 


Noitbmot 
Btrangeal apparanthr at be> 
gbmliw (Book nob atopt, bat 
ataturoad, loabig about 1 m , 
pend about 28r No naand 

Humdari In 18 joan, nartb- 

-* 

A fawi 


Ban Bamnidtao 
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]jn\ Puialun bibuil Irudm Iliiiuilu 


\pl !N,p Ui 


1 111 
1 Jll 


4 Jll 
4 JU 


IX 


b in TunnCkipiotiiiiui 
ILuiPt, Hi' i iiirk 

\ uiu 11 \nr ) 

Dinuloy 


1 10 

Fiw 


Bull i<4 Hunt 

1 30 



Oakland 

1 30 u s 

1 


UciLcIl! 

1 Cl 



1 Sin ri<iuii*iii 

4 12 



1 Yulu lluini 

h (IJ 12 

j 

II 

Hciht V) 

b id 01 

1 

II 

ilu 

n is 



Ynthi Iliuim 

b 41 



VnliiHli 

U Hi 



Sin Fiuikihii 

b AO 

A 


Suuihamplan 1 

h AO 



Onl 1 mil 

b 11 20 

h 

IV 

UnkdiT 

fi fit 35-11 



do 

b 11 18 


1-11 

III Hamilton 

b 11 M 


II 

dn 

ii .M 



Saiiunrulii 

b S3 



Yulia Uinn 1 

SuihlI 



\iig|l Inland 

7. . 

1-J 


Itaik hlunl 


blocktnn 


*4 Will 

blnitk incunsiiig <11111 dying 
■I’liiV 

V hi lOill'tllicl •JiiiiLs, slight 
Hilling lluAI I 1st ill «l -l 
NiAihKP^uuthciiUliiiiiiiKio 
fill In 1 r*>l Muiulik 1 ii(h 
ji iti in bldgs, till nwn m>i|. 
1 11 I Osi ilLiluin inlluvuil 
liy tumuli Clink.sUipl ut 
P HP lOI lint Mill til 

Nni th-Miulh Iliui/oiii il UniL 
sLupi 1 “ Hi", luting N\\ , 
ptiul 17 * 

Muihdi Pin 

InuiiiiiHiismUiiii Is,III N 
Vni 111 , 1 1L, V II Mt V 

S \ 

Ligilt 

Vn\ liptlil, \OH(\ 
Nuilliwniili II1111/1111 diiic- 
lum *oulh In 11 liglil Hhiu'ku, 
lunihluiglulInuiugsliuLk Ji 
Alumi ilu Flu 
Pa null! Club, h V 
Sight licinoiu timing 111I11 \ul, 

VtiUrnl. K B 
Vriy light 
Light 

Sliong, nimbliiig 
blight 

Vm light Nuinlm ul light 
sIimLh lumilml lui hi 1 !!ml 


4 pi ll,i m 


7 

7 01 

7 2 s 

7 JB 
b 10 



bullS Valkv 

San Li one. tun 
Yul* Bunin 
ScntlAi VuJIiv 
do 

dayshut lumllyiu 111 pliblt 
Lighiu, l 1 L 

Vety limit, 1 O Mt V 

Light 

Lighter, F L 

LiShtm.F L 

I 13 

10 

10 JS 

II 10 

11 22 

1 30 



do 

Lakcpml 

SuUS Yiilli v 

dn 

do 

Partly Oiupm 

Lighten, bcmbluiR "1 linunp 
Vcptuploibm ni limit,F l< 
Iaghl about 10 n't link 

Skup shock, lnlhci lung 
Ticmbling ut lunno ki pLup 
Em 2 m 01 inuiL. P I 

Tit mbling ot henna 1 cl|« 1 up Tui 
'J m 01 main, F L 

Light aback, F L 

Tinmoi 

3 

3 07 00 

5 22 

JO 


Fuipkh. 

Kin 1 1 inri-t u 
Eun<lii 

Slight, 4 H B 

Lagnt 4 G Mi \ 

Slight und of hIioiL duiulion 
Slight, 4 H B 

h 07 

.1 


Bui ok 1 

b 26 10 1 

3 

111 

Baltic v 

runes n Emm momoti.Cmltd tu 
1 pcnnl think ut lima, S A 


2-9 

II-III 

Uakland 

Slim <hue]b botnaon flam 
und>15 H p m 

10 30 

27 


EmuLn 

Slight, 4 n B 

12 11 Ob 

JU-dO 


Iau tngkUs 

InncH*ed intcnvly. 1 inu\, 
HlnmgLil ut mfildlr No 
•omul 


12 31 41 


do ■ 


lh< 


Api 1,1 


\|ii 211, i in 


4pi 20, p m 


Api 91,o m 


Api 22,n m 
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Aum/ of albi-Juil iWliiiiml 


*>0"* Ihiiklkn I lilt Mill I lualill 


KibimLh 


b m * 
1J 11 


12 2 r i 


1 11 

2 (Jii 
1H 
J Jfi 

8 1A-S Mi 


HUM 


14 


10 14 

10 44 

11 Ob 

11 III 91 



1 IIS lllgl ll*- 

Inn •Jiinkn ilimiL (1 111 H|nni 
liillimnl liy slight in mini 
lm uluiiil I li 


**> III 14 iliii 

Iliiii/nuliil In limit Kit Im - 
lint, iiiiuusifl mlnisili, 
tllnllllisl III 1I11I Nil slmlul 


•s hi 1 min i*^ 11 

Hi 1111 Ni vuilu 

Slllll |l, IIUIIII IKK (Ulli n llll 1 »isl, 

\ 'll kh l' 


htlllllis 

\1i1illu 1 slunk lulm 

III 

s u mini iiin 

Niiiml lulu inn III mill niiilli 

i\-\ 

Iliniii.Wiulsutiilli 

llll 1 1 st s|ti|N ill VllgllllA 


ill 

Uunu, huii'i Nil mins, 
mu lliv 1 ti-sniilhi isl Dmii.g 
■u xl 1 A li A iiinii, (1 II 1 

111 

*1 r llmiisiiln 

Slip III 


IiuiiiI llku 

Suuuii mill J slunp ulli 1- 
slliK kt 


4 film II111111 

litglll 


Mill* line ks 

Slight slliuks llll II Mg lluv 


1 ' uirk'i 

\ II 11 


12 10 

12 SO fit 


hnulliiiiiipliuiNuiiil \nlunlj illinium uiraniil 
S'litum, fi <i ulli i, J *210111 
<duxks, 11 nc kino tniiul in- 
iiunkiil 

ULuih blmtk Inti IirIiI In III* fill II 

viih (lib olid I it iiuiilnn til 
luililili h nf Inlllmli limit 
ISic (Mtillnluiii ww 4 in I 
ili\Mim iN iuulH)il I 0*. 
S II T 


1 

1 


Fuuhu 

1 IA Oil 



Hnn tinniMii 

1 Ml 



Nairn 

A 



1 nun 1 lilt 11 

A FI 



San FianiuHo. 

0 10 

I 


Mill* line kn 

7 

t 


tin 

7 12 



1 aiiicl (llni 

7 16 



him kinniMii 

11 30 



Tutihiniiiu 

12 31 


III 

hanla llnnua 

2 SO 



lauiil (llin 

6 20 

III 

IV 

b F ISniusuli 

6 IB 

S 

III 

dn 

3 23 

14 

IT! 

dn 

8 28 



Soul IS VuIIit 

B OJ 



da 

10 20 



do 




Mila Racks 

1 



Napa 

1 IA 



honLLS Volltj 

0 28 



han Flam i*u 

4 0B 



droll's Vnlliv 

1 M 

7 

IV 

s F Pm 1 mm In 

3 16 

A 


Mu a Island 

8 27 



BiuUS ValltQ 




Mlln RocLh 

2or2 30 



Fdlon 

4 4A 



SooU'n Vnlloy 


HmillMumli, slialik 
'i’llnun, \ li mpA 

Hlunl nml slnuji 
Miuinuli, 1 If tick 
Mm limit' 

Vi l lie nl MiiuiHinlnl imdilli 1 
Slunl nntl nIihiii 
M inlniili 1 . 4 (F Mi A 
Aljiiul 11" W n hi 

NtiillMiiilli Tinu mil oicu- 
lulr 
TJdfil 

lSillnwidoriii I u liynimllin 
IiiiiH mulitni 
Spins oTgmUi licnmii 
lJfdil bub ik cklftl, K I, 
lluirly Ml, F I, 

Blight 4iarta duniig duy 

W II M 
F L 

stiong, \ Q Mol 
V l. 

slinking Iiouk*i 7 s und 10- 
iitmian uTIci flu 
T J J Boo 
F L 

Might chocku duiing day 


Two ihocha bnidy ocpmaUtl, 
ImI continuing nillyflo ,001111 
u good shake, not tcrnac but 
steady, oscJllaUng, F L 
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Du 

Apr 2 S,a m 


Apr 22, p m 


Apr 28,a m 


Apr 22, p m 


baa 

S 00 . 
0 SS 


7 

7 03 00 
7 10 
11 30 . 


IS 


a 

a 

a 17 


a is ao 


a 18 22 
a is 
a io ao 

a as 

0 08 

10 40 

11 20 

12 US 00 
12 48 


12 SS 


1 10 
1 10 

1 11 
1 12 

1 IS 
1 10 

1 17 

a . 

0 07 

o ao 

8 

8 10 IX) 
0 IS 

12 43 . 

12 48 . 

12 SO 
, 2 SO 

8 SI . 
S 80 


00+ 


11 

10 


ao 

l 


ii 


in 


llila Hocks 
Scott's Valley 


Mile Bocks 
San Finnuaeo 
Seattle Valiev 
Saiatopi 


Nun 

VllL Rooks 
Bonita Fiiinf 


in Berkolcii 


III Oakland 

Ymba Buena 
San Fihiusmu 


V-VI Emcka 


Mila Boole 
buhnae . 
Baottti Vallry 

SanFiannsu 
Tlimdid need 


Oapo Kandouno 


Oiant'a has, Oio 


Feindale 
BeoU'a Valley 

CiaeonL CiLy 
do 

Capo Mendocino 
Bottle Valle} 


Feindola 


Oakland 
MUe Hooka 

Soolt'a Valley 
do - 
do 
do 


Slig^il 

Tao ahocka boicly aonormted, 
lastaonliuiuigtiulyoa ,uaLh 
a good ahaLc, not auvue 
but steady, aarillating, F L 
Modern to 
Light, A O MoA 
A mete jolt, F L 
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ti m 
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IIlink huifc 

Nn Iiiiip uni'll 

Un 20, i in 

j « 


I m *ni Cily 

lifflil Uisl-rn-l.C IV P 

UaT9n,p m 

0 01 
n on 


1 ml Ilium 

Nh llllllKa 

1 11 H 

klnv21,nm 

it M 

1 

klih 1 llm ks 

klmlrialr 

klny3l,p m 

2 00 

1 011 

12 00 


1 llllH (IllIlK 

III 1 h h IN iiuisiiln 
iln 

1 11 H 

klny22,it in 



Ijiih OnliH 
hiincliili* 

Nn limp hivpii, 1 11 s 

IIpTiiip <b(yli|tlii 1m -lifflil. 

kin) 22,11 in 

12 in 


Hm ili lb Him mm 

M 11in Iimiuii iiiinhL linvn limn 
rinn lu Uumik i " 

kin} 31, n m 

1 10 


■ Ijiih (lulna 

I II H 

Miiy2l,a m 

1 10 


iln 

I II S 

kln)2l,p m 

l » 

H 11 

11 17 

2* 

iln 

rln 

llmillii l'niiil 

1 II S 

1 II S 

Niwily trilhnl Minikin Nil 

Nn Iipiiuii, pwl n ]ni 

1 ina\ hIiiiiirihI nl Iiikiii- 
iiiiiA Hound likn iLiij id 
lliuiiflf 12 s Im full kluv lnw i* 

In i n lihuftiiff 

klm 21,u iu 

IB VI 

ll-V) 

HrikHry 

Aline nil) (lull IliPlIniffiilu, 
linn ilijlhnm mul slow, tin n 
unni'iii|iul 1 imiiiK ilivllinuc 
IMii nns nlili In in (iriii/d n 
h.li i ii ii 

il i i i i i ■■ 

•i . 1. I 

qnllo hum, (< K lr 

klay21,p in 

10 21 

00 

iln 

ncffiii wllli ronfiMd IniKuIni 
niolinii, liul niifklln mill 
final pnitunm drllniliilv 
ihyUimu I iilid willvmt 
uhp of nnlrli to nlnnaln 
priiod or iliyllim, nnd think 

II nn brUmmi 2 mid 1 kuaU 
al ilia ucund, (iKQ 

11^37,0 m 

kin) 28,4 m 

Eiill 

0 00 

1 00 

1 05 

4 Ob 


Tm Galon 

Bunin Clin 

I on Galon 
do 
du 

I H B 
blUiL dUMk 

I H B 

I II H 

1 n b 

kby38,pm 

10 45 


SnntnCnu 


lift} 80,p m 

12 57 20T 


Son Frnneheo 

Ught.A a Hn4. 

Nay 31,n m 

Eul) 


LoaGntn 

I II H 
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Fund n< iiflnihiii—fVuitiuuciJ 


Ihv 


Dinlm 

llliW 

V it 81 ,ii m 

h m • 

8 Iff 

1 19 W 

■ue 



ff BO 
b 



June 3, a m 

Juna I,p m 

B 21 

0 17 

B 10 


- 


11 Ml 

11 n 

11 10 
u so on 

3 

a 

Ill 


n m 

11 11 (17 

11 111 11 

11 83 

MH 

IV-V 


11 81 



JuneR,e m 

B HO 



June 1, p m 

11 81 


. 

June 7, n m 

13 31 JB 

: 

■ - 

June 7, p m 

4 in 

1 18 

4 11 

4 Iff 

in 

so 

■ 

Junes, n m 

ff 18 

B 



Junes,p m 

8 11 

1 


JuneB, n m 

11 J1 

11 SO 



JunoD.p m 

7 40 

7 41 



June 10 ji m 

4 on 

0 JB 

B 11 

3 


J\moll,um 

4 80 Etupfu 
tame 

10 


Jnnel3,p m 

3 ± 

m 


Junel8,nm 

11 80 




11 81 



JuneU,nm 

4 80 

m 

. 

Junel^pm 

8 88 

m 



I ouitah I Biirnti 

I 


Nepn 

BcikUry 

17 H II 

R T C in lied blioilend 

■harp 

Light, A O MtA 

Sen Fmnciura 
Pfieeliland 

In fletoi 
ilo 

Fnnriok 

ins 

Veiy alight, 1 A H 

Uik Bra hi 

In Giloa 
Campbell 

Oakland . 

UilhOilkge 

BrikHn 

dn 

ben Fimu neo 
Num 

NlSs 

Rolaiy, I II 
fchnip 

Cliebnl Olmvelmy flnulli- 
nenl tu nmllieM 

Euu^wmiqgnpli 

A G MeA 

No luno gi’ en 

I ot Chili* 

l H S 

Niln 


Beikeley 

Euieke. 

Uppa ICnltnlc 

A O L 

No turn given 

Heavj No Umo gl\an 

BlocUbuig 

Itandele 

Veit Biegg 

Buioka 

Ml*hl, | A S 

South of wml to east Sud¬ 
den, lncicedng, then dying 
Shook bulldina HtuinA 
nnoo April 18, A 11 B 

Foil Rm 
dn 


IDle RncLn 

Blight 

Fml Rim 
dn 


Milh Pullcqe 

Nui Fiunivo 

X G llcA 

Euieki 

LataUn 

FeniHala 

Sen Fianciwo 

Repo 

Nn tine given 

I u s 

Slight dimk, J V H 

No tune gn hi 

Coianal Bay, Soulh 

B B Annan Blieip ehoek 

Nape . 

LaeOelno 

No tana given 

Rnta 

Tequequlta Ranch 
Campbell 

Fkmdele. 

Very light ehoek 

No tame riven 

No tine given 

Very light, J A B 

do. 

Very light, J A B 

LaeOetoe 



nrrjoRu or \nr r-miock'h 
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Riearri of a I In--Jim Li —(rniluiiu rl 


Du 

llqpmivaf 

•tack 

Dm ■! mi 

InMMlt 

IlHlIlll 

funi 11, pm 

h 11 1 

A lb 

11 21 

m 


f 0*1 linllH 
do 

June il,a m 

3 10 
b 11 10 



hull lining 

Ml Itainillon 

JunalB,p in 

13 01 

12 04 

4 30 

4 31 

4 24 11 

A 


I ua Claim 
dn 

Snminm 

MiIp Rnrks 
Reikelry 


4 H4 IA 

1 

111 

Oakland 


0 40 

4 4(1 U 


II 

Sonoma 

Hfikeliy 


0 41 

4 II 

0 11 

4 II A3 

0 13 

0 11 

0 01 JO 

10 m 

10 33 01 

2 

12 

1 

Snn riuiulnm 
lm Claim 
MillHHllpflp 
lloiLelry 

Niles 

1 ivfiuunp 
Rrikclrt 

Milo Him lm 
lleiknley 



17 


iln 


10 11 



San Fiannvo 
PpwIiIoikI 

Naim 

Juno I0,ii m 

0 11 



Tom Claim 

Pont I 1 L 1111 I 

Juno 10,p m 

1 A0 

11 00 



FoinrlalP 

iln 

JunelR,a m 




IihIRmi 

JuiipS0,o m 

H 10 



tniulnle 

JuinS2,a m 

0 07 



Han Vinnrlnrn 
Knilfulil 

Ht Tamalpaw 

Junr33,p m 

11 40 

11 fll 10 

4 

8 

11—111 

Milo Hock* 
llri kelpy 


11 01 03 

24 


do 



34 


do 

JiunSB,* m 

0 10 . . 

0 


Fandnln 

June 36 

_ 


■ 

Naim . 
Faachland 

Juno 37 

- 



Fart Bam 

Juno 38 

■ . 



Pauhland 

Juno 80 




Upper Mattole 


HMIlhl 


I. h 


Undnutn 

Oinou WiMiuuinpli, cout-iir^l 
Cninnonnn(79 X 10, nmUi- 
Miuln omnpoiiuit 76 | 10 
(luilml (ImvilnT 1*111111 
inn IliM l 

Hitlriml S'diorks, f n aim I, 
A (J I. 

A Cl Hi \ 


n r (i 

w n 


v n 1 . 

Wight 

Omiiii VMiii^inph, nririml 
(rinipunpiil 

Oimhi nrlimingiaph, nmlli- 
viulli oomiKMuiiii. 

V (1 Mi A 


Nn lime given 

Nn Hum given IIiiihi sIumIih 
ippiiilul, W II IT 


T IT R 

Nn lime givon 


lWit.J'A H 
liiKlil, J A 8 


No Inna glim 


Vwy llglil, J A H. 

A a UbA 
No llino glvrn 
No Unio given. 

Slight 

Vilmlpnlly willnil Bllghl, 
Unnmn (ta B 111 uflci- 
voids, no luinblo, RTC 
Oman KiNnagruph, out-mat 
1 in m ■■ 1 

On 1 «•.- # i|* narib- 

ml 1 • N 
Light, J A 8 


No lima glvun 
No Umi given 

No timo gtvw 

No tuna given 

No tbnnglven About the ano 
h undredth Mioak rinoeApn] 
18, W n Boomo 
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DB 

Ihiniijll ni 

nuialwn iIbIhnii 

July l 

h n ■ 

■ rs 

Tidy 3 

B 11 


July I, u m 

1 9H 

1 W 

B 11 

1 11 

1 

Julj 4, p m 

1 15 

1 IB 

10 11 


July A,a m 

10 13 

1 

Jul\ fl.pm 

10 M 

10 1J lfl J- J 

108 


10 15 

10 IS 


Jul) 7,nm 

1 


Jnh B, p in 

10 00 

11 BO 

11 S7 

11 10 


July U,a m 

B mi 


July 11, a m 

B 30 
fi » 

b as 


Inly 10, n in 

12 10 


Tuly I7,p Di 

S 

S IV 

July lK,a ni 

3 10 

. 

Tul i M,p m 

0 27 31 


July JO,am 

1 00 

1 IB K 

1 

113 III 



mi 


1 10 13 J-2 

HI 


l 30 

1 


1 30 | 


Ju1y31,p m 

10 10 



Jul)22,nm B lfl 


Il Hill 

RiamiL* 

Mt l>nihilpnn 

No lina unrn 

1 nil Biigg 

a ni in p ni iml (pun 

bn O ilns 
kit Tlnmiltnu 
Cnmphr 11 

Minus 

T II h 

Cisl-*isl,l V F 

Nm riam in II 

Los Claim 
iln 

V G 11(4 

T H 8 

I II s 

kit Hamilton 

Iwn light slinks 1 him i ihi ir 
tiuns, R G V 

Hnlimn 

Rnlnlry 

HI Ildiiullmi 
TnsHnniH 
hnn 1 uisUlil-pn 

Onion Misnicyp iph, iMsl-nra 
rnmprniPnl (NhiIImiiiiIi 

(lisinniiiiltri 1 

1 Wilt PnslIn nisi, II (| V 

Nil 111111 ' givnn 

Itablcy 

HiiiiitPiiiiiilrd In milling milil 
0 a in , It 1 (' mill iT i it 

Ikuirka 
bn (Inins 

Emilia 

Fnnriuk 1 

Rntmy Vmlitnl, 1 11 S 

Vny light, J V Is 

kll Tunulimm 

Fan I’liiniiico 

No timr gum 

V G Hi A 

him in klnrii* 

I Us \iup4cs, 

Ninlmll 

klmlnntr, If H W II 

bn (Lilns 

NmlhunUsaaitlun'il, I II H 

Pnbi Alin 

Vlmut 3 p in 

T ns f Lilns 

1 II S 

Snn Immivn 

V U Hi V 

Mill* Rni hi 

Rcikclcy 

dn 

do 

dn 

kit Tam&lpnis 

Sin Pi an cfvca 

Might 

Oinnn sfisnmgiuiili, ninlli- 
soulli ■ innpnupal 

Omon «msinngiapli, nisL-msl 
eompmionl 

huddca jnk niinHinillv hum 
cast-si csl mlfi luniui Insl- 
iiir3Ui4s AwiiLimikI ft mii 
« iuiiri simp 4 O 1, 
bhmuslinck l)i I K II 
Nnlimrgnpii 

A 0 HcA 

LunGatm 

Nortliraoulh Vcilind, 1 II h 

hnn Luis ObUpo 

No time givun 

85ml N 86* TV hom 
Capo klondonno 

Blight shock lcpmlrd by Capt 

J R honliiN of snhonmr 


Eiuada In hi N 40* 
atfLung AV 120* IB* 


RflORD 01 VMI-R-hlinCKd 
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R'toitl a! Hi to shin Is —(*>inl iiinifl 


Ikt 

Jiill 22, i in 
Fill* 11, |i in 
Jul\3l,u in 

Jull 22, p in 

hih 2l,p m 
Jull IF, p m 
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Inly 2Ti, |i in 
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Inly 2h, n hi 


July J0|U in 
July 20, n in 

Auk l|Um 


4ug 2 , d m 


4ug l,pm 


Illk^lUlgl. Ill 
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IlllMMlI 

I miliU 

Ri iiuika 

h iu ■ 

mih 

-- 

- - 


0 HI 

ii 


s4iiii N sb \l riimi 

1 Hi N I0 1 JiV, LiillR W 
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IF 

Mil IlM 

IIiiii/iiiiI il, II h H 
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11 hi i/iml nl mid i pi lu nl nu il hhIi 





11 F 11 

1 II 


II 

sun In-w 

II F It 

11 24 



lilhi Indus 

1 II h 




Ml lniniil|Mis 

Nu limp |im n 

ij in 



1 Ihi (l,lllM 

1 II h 

II 



iiiii ii Mini 


1 12 



Li hi (ill Ills 

1 II H 

b 



Iinpniil 


ii m « i 

no 1 

II 

Snn Jw 

II K R 

I 17 ft) 1 

ft) 1 

II 

rlu 

11 * II 

■1 IS HI 

11 


IhiLiln 

Ihiuiii srismi«i.i|ili, Piisl-UPsI 


Ml 



1IIIIIINIIII III 



•In iMiiu 
ii i mil ) 

1 lllll ill •rflsIMlKI Hill, lllll Lll- 

•■llllll I IIHI|llilU III 


n jo 



Mills 1 lllll RP 

in in 



Pnuil Imnui 


12 22 III 

III 

II 

Ih iLi li*^ 

II 1 H 

1 24 


11 

rlu 

II 1- 11 

0 11 


II 

(In 

11 I II 

ft 01 


II 

rlu 

II F It 

7 24 


II 

(In 

II F It 

7 III 


II 

■In 

11 F It 




Ml 1 nninl|mis 

Nu limn kIvpii 

0 10 

20 

II 

IftqLi Ipt 

11 F U 

4 14 


II 

(In 

II F II 




hniPha 

Nu limn RiiPii 

1l 



ISw lilu nrl 

Lwlil 

11 II 



liiiluli 

Vi ll IirIiI. I \ h 

II u 

2 


hnwkn 

Viliinli'ui limn sunilim s| 




Niii 1 iih (llii^m 

Nn him kIhhi 

0 01 



Full TI(mi 

(. vr f 

b 10 



llmiliitinn 

lliml IIuiiiIiIiiik turf* Fiimi 





inrun fm 2 dnih 

0 11-14 



rtii 

hllfllil 

II 15 X 4iii 



HeiLnlcy 

Onuni ■iHinpRinph 
DuiiUlon.nuL-wniLeninpnnpnt 
3 ni lit j in a 





llmnlioiii nuilli-HniUi compn- 





iirul 1 m SB X10 s 

5 

fl 03 



ItunL illnn 

Full IIm 

I|puv>^fnllowo(lliyslln]iU<hopk 

7 06 

10 


CIiiH uf Ckllfuimn 

Ini N 26*aV, Iouk 110*00' 





W Blun Ala Oibm Vuiy 
lionvy -work 

7 10 
Botwcui 

18 


do 

T Iflitoi shock 

8 and 12 



do 

Two moio shocks, vmy l||hl 

11 



Finn tall on 

Horny 

6 30 


1 

Mt ITnmIlUin 



\u| 4,um 
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J7a.miI iV alta-ihnrka —lontimird 


D» 

■kagjguof 

Duiilmu 

latnmti 

iMUllll 

Haniuba 

Aug 1| pm 

h m ■ 

11 IB 

KM 

II 

Bci talcs 

Fu(ul|y Qub,flight YibiaUmn, 

Vug fl, ■ m 

1 50 

1 M 


II 

Foil Ross 
lie i Inky 

n W C 

Furulti Club,•Jmlit win atioiH, 
II F R 

Faculty Club,slights ibiutions, 
Furnltt aiib,slighlwbi.itinns, 


3 36 

■ 

II 

do 


b 15 


II 

da 

Vug b,um 

10 M 2 


II 

Mb ItnuiilliHi 

Vug B| p m 

5 5b-A7m 
b 11 



Ins Odin* 
ilu 

I U h 

1 II h 

Aug n,am 

A 00 



Kin Yistn 


Aug 11, i in 

S 30 

9 35 



Hulmnu 

rln 

Liglil 

iJght 

Vug 15 u in 

2 07 13 

4 40 

25 


Bnkplcy 

Tequisqnita Huii hu 

Oman sriunnginph in nul- 
wrat ( (impunmt 

Aug lb,pm 

4 17 5R 



Bmkclcy 

Omni vnmugiapli IIiiibUuu 

Bb BUmcmu 


7 46 ship'i. 
time 

3 in 


Cbrnnui Bus, B 
America 

Aug IB,uni 

1 60 

3 

B 

■ 


Hilimn Blimp 

Tcqiusquitn Ibinahn lHrmor uurl lull, A (I Mr A 

Ban Truman 

Aug 31, p m 

IS 13 

1 m 


Lut N Sb° W 
Long 110* SO* 

Ouir nT California Heavy 
DukA /nm 

Aug 32, n m 

1 66 



Napa 

W II U 

Aug 28, p m 

1 40 



lYnulala 

Light bhmk,J A s 

Vug SB,pin 

0 0B 

3 


da 

Light 4iork, J A B 

Aug 37,a m 

10 

. 


Pmub Loma 


Vug R,ii m 

3 

11 40 



Fi inrinlc 

Taqiuuqulta Runehu 

J V h 

Vug 8<l, urn 

Aug 50, nm 

7 60 35 

3 13 

3 


Mt Tnmalpais 

Sonoma 

Bout hcanL-nui thirst, W W 
Iliomus 

Aug 31, u m 

3 IS 

B 63 



do 

Port Bom 


Hcpt 1 ,b m 

3 13 

8 60 



Sonoma 

TcqiiiuquitaHunaho 

Idght diocJi 

Bcpt 3,am 

3 46 

3 66 . 

1m 


Lot N 43*40' 
Long W 133* W 
Let N 43*40’ 

Long W 133* W 

BaHt 4guto Heavy 100 milcu 
went of Cooi Buy 
NotBucveru 

Sept 6,am 

13 10 



Brunueomb 

A J Haun 

tfept 7,1m 

0 87 

B 34 80 . 

B 30 

6-10 

10 

n-m 

Bun Vmmuaao 

Mt Hamilton 

Santa Cnu 

Very taint, OIO 

ParapUble vibration One 
■light diock East to mat 



RECORD OF AFI'ER-SnOCKS 


4 21) 


Snuitl qf a/hi-ahdLi—Cniilinuorl 


Dn 

“Tf 01 

IJaiiBi latum\ 

Loulits 

buib 

Btpt H,pm 

k ■ i 

12 33 

■fra 

20-20 

Ileikilijr 

1 iu iillv ( Inb Tn and lin mw- 
lion mill primd uf abnuL 
0 5 1 , but ctoscd wilh u- 
llutUumg motlun, 

Btpl l,i ni 

1 13 
•1 05 

1 50 

5 

5 


Gians Yalta 
(toi-urn CiLy 

Mot Oiock 

Nrvoda City 
Vilarln, Nor 

boullu.Bkl-nia Hi will, J Banks 
0 W V 

L W Stan Luii 
h W Hindi 
'litmoi,J C, Young 

Hcpt 13, am 

11 


lab N 42° 02* . 
Long W 120* 11' 

Baik Pa/myir, IB mill s W of 
Cbpo Oiluiu 

Rapt 13, p in 

5 1? 


luiiulale 

Muni, J A H 

Hrpt M,b hi 

a ui 

II in 

lknLUpy 

OllUIII IVNIIKHinpIl, I'Wlrlinl 
i ohiiwih nt (iniglii piobably 
435 nu diabmli 



23 

[at N 41* 78' 
long W 120* 53' 

80 im NW Capo Munduuiio 
(No lime ) HlIiihjiiu Rubai 
Suuh 

Dept 10,mn 

7 13 i 

III/ 

NL llainillnu 

Scwial iJMiivcisgivi nuiUilu 
mulli Dunks slum id K 
30*8 

Hopl 17,p in 

5 15 

H 10 

10 

l\ imlale 
ilu 

JAM 

J \ H 

Hi.pl 18,p in 

a 45 


iki 

JAM 

Hept 20,p in 

3 30 

u an 


Mum lalund 
Hahrivy 

Fiiiin30 a \V ill H iihivuiii’lI h 
inrullyOnb blight, (I K (1 

Hapt il,p in 

11 34 


do 

IfaullyChib N|ght,UKU 

Hl|U 

5 20 


do 

Faculty (Hub HHgbL,U KU 

Svpl 33-30 

Oil 5, l m 

0 30 


llalu Hand 

ban ftamnoo 

Yium 5 s W uf H uum nu nl 
|n (Nu lIlIH ) 

Oa 7,pm 

11 07 


VortlUim 

owe: 

Oct 10,a m 

5 45 


TaquIsiultaRandifi 


Oct 10, pm 

11 40 


Han biandiao 


Oat 11,am 

0 80 


Ballaaa 


Oat 15,pm 

3 40 


Dorknloy 

Omoil aekmcignipb 

Oat 17 



1ml Horn 

During night, O W O 

Oat 18,ii m 

0 


TaqiriaqaltaRaneho 


Out 34,am 

a no 10 


Berkalay 

Omoil aalamagmph 

Not 4,am 

11 58 


Foit Rom 


Not 0 

■ 

3-3 

Lat N 40" 00' 
Long W UV 23* 

Notlnwjlna 

Siam, f&Dmrad far 8 moun- 


*rCm vmvmU ml W 
of Gaps Dlaappolntniant 


Rimka No tlmagtran 


Not 7 
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ICcujiH ql idu-JMi—Conliniuil 


Bn 

Ik^nn^h of 

DiDulmn 

fattUlll 

Lliilit) | 

kiutibi 

Nia 9, a in 

k ■ i 

3 1 

m<m 


IirttBllgg 


Nov 11,ain 

0 111 hlllp'* | 

lime 



Lab N 430 01' 

Long W 127*01' 

bhip icrciiLtl <i t|uiik uilliim 
inotinn, iiul a lew mihiiiH 
aftci timnblcd luir anil nil 
Bnik CuiOHihltt 

No\ U,aiu 




| balinn* 

Light 

Nov 13,a ni 


. 


I ml Biugg 


Nu» 13,ii m 

7 47 40 

7 44 

7 U 

7 4b 

3 


Ml Hamilton 

OlCDHlNMl 

TW|ui quitiRinclinl 
ban J<M 

i Inn jull Nui 111 In maiIIi 

blnup Uaol In Mist 

Nov 14, im 

2 au 



rmtUinu 


Nov 14-15 




roll III!Vi 

Duuug mglil 

Nov 10^ in 

12 30 



UeikdV 

Shoil lacniui, O K G 

Nov U,p in 

4 n 

10 49 



(ileimoail 

[-alalia 


Nuv 20,p iu 

1 15 



ban rinnuvcu 

Vm\ light 

Nov 20,u in 




(Iu 

No lime giiui 

Nov 202i ni 

1U 27 

8-10 


Lilt N 14* 41' 

Long W 93° 3b' 

bluip dunk MwiiL2I) iui nil 
mail ni UuuLciiiiln b*4 
Ntmpul 

Dec 3, i ui 

Dlc Ii, i in 

1 19 

2 33 

0 41 



Bcikelui 

Jo 

roi(DiM|Uil l Ranchi i 
ban Lui- OIni|hj 

rnsliliuiigci, (■ K II 
Incnaunn in Hiniglh mill 
ilkuIui liiiii/mil il iMnlliilmii 
mill nuiiid (iliiniilid nt 
■ilnnilAfli llmnnu iiirRU- 
hn ln«mil (ini,giling (inu 
nl niiLlumg, but miiiri|HH (1 
rmlhc iiiigulai iiiiiIiiiii warn 
icgulii Imil willi nn mtl- 
liialLdpniiid nl 1m, Cl K O 

Nu Linn. 

Die 7,pm 

10 99 



San Uifcorl 1 


Dlc 8,a m 

10 40 



IdjlIwiU 


Du. 8,pm 

9 19 91 

2 


Mt Tauulpoia 

IngliL shock 

Drn D,nm 

3 20 

3 30 


111 

Man n (luiaiu 

Mills College 

DuiaUnu n fov muiiuIm iliw 
mu Wed woio ■huIIihi il to 
<-uutliPa.k V (1 Mil 

J Keep 


3 20 

3 20 40 

20 

6 


BoiVekv 

OaUjnd 

9 nithn ent-northeut 

Light, C D 

Dei 19,p ni 

2 40 

3 



ENcimdidu 

Cin imoia 


Dm. 23,a m 

8 40 



Colroco 


Doe 21,1 in 

4 

4 59 

5 48 

0 30 80 



Cuyamim 

CIbiuim 

Fort Boh 

Borkekj 

Omun ncwnogiaph, eaetaeei 
component only 
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Si mil h/ mtu-Jiurl i —1niitumid 


Dm 

Ikhguinnnl 

UuilIM ItUIUlIX 

I mllll 

Dcl U,iiii 

h m * 

2 

Mil 

Nii|m 

Dee 18, pm 

3 14 

H lb 


Itiilimmlli. 

FuilUu 

Dee 28, a m 



Lytle Cicrk 

1007 

Jan , 1 p in 

11 00 


luiitlulil 

Jnn 1, n in 

3 JO 


biiilnCiui 

Jan 8, p in 

8 bib 


kul Uovi 

Juii Ii, ii in 

i 18 


bilmus 

Jnn 7,pin 

0 JO 

10 18 84 

11 (M 

11 06 

i 

Idyllwikl 

lki Li ley 
du 

hwiUi Uiui 



11 04 

11 lift 

11 UTi 
ll 10 

11 1U 

11 JO 


(tanplivll 

NiIlw 

Holman 

Ini (IiiIin 
H an Kmiii'hai 
1 Hi ihumiI 
lluiililii I'm 

Jnn 8,pm 

3 18 

1 31 JO 

III 

VI Hunln I3n/ 
llmkiliy 

Jnn 0,pni 

1J 30 12 

. 1UI 

ilu 

Tim 10, pm 

3 J1 


IdjIlHilcl 

Jan 13, am 

1 80 


IIIuLiJiuik 

Jnn 11, am 

1 80 


JSuirka. 

Jnu 11, pm 

1 23 38 


Ikikeli7 

Jan 18,pin 

11 18 


Idylklld 

Jan 10,am 

7 05 

0 Jb 00 

34 

Imbclln 

Bcikoley 


0 35 48 

38 

Dm holey 

Jan 33,am 

10 83 

7 

do 

Jan SB,am 

0 38 38 

00 

dn 


10 30 80 

00 

1 


10 80 12 
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1 Bukrlcy 


Htnaik* 


*Uuup ]U 1 


III Uk. tnilj linn mug Ijglil 


Rcpulni luckniH imiLiun butt 
iiui tii-\untli, r r 


Oiiuni 'in > aui«iA|jli 

U K G 

Hml*4iiifk,lluii-»liiiil l iimliiiiu<i 
liill|fhlln«LClliyi|uLf L,vipIihm 
■dmkuiH mid twrtliub ninth 
lanU.il not mint llinu 4 h 
SmiKil to (.tiiiuilluiunotlli- 
»iil, K I. 

Umip No ikummu 


I U 1 


Hum mil rItsu 

hhuip |nll, F I. 

I limn I «HminRii|ili, mnlrWil 
i innimnmL only 

Onun I n faniinginiili, mullir 

sniilli i uniinniMii only 


I-WH 

Oiiuni whfluaRiniih, itcnth¬ 
in hi Hi nini|iniionl only Ilu- 
uitbrti 18 in 18 ii 


Tight 

Onion mtauMflinpli, north- 
mu 111 onniponcnl 
Omul aoi<«u>ginpli, ciitmit 
touponanfe 

Omorl anlHiimguJih, aaaL-mafc 
and north-south compononta 

Omul Ktamqgunh, noi Ui- 
mulh oomponoal only 
Ommi nhnngnph, noith- 
■tuth component only 
Omul utamsmiih, nulh- 
nouth component only 
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D4 

Btfcunns of 

Dunuui 

Intmila 

Lxkht) 

Jim 31,pm 

h m ■ 

3 34 18 

- 

. 

BuUki 


IMIS 



do 


8 17 18 


■ 

do 

Jen 28,am 

10 13 47 

37 

. 

do 


10 14 OB 

10 . 

. 

do 


10 34 U 

10 


do 

Jan 38,pm 

3 43 18 

91 


do 


4 lli M 



do 


4 18 14 



do 

Tan SB,pin 

i oo n 



do 


1 00 33 



do 

inn 2u,pm 

2 

2 41 11 



Keatfleld 

Beikeloy 


3 



Bun Flnndicu 

Jan 11, am 

12 10 

0 37 

13 10 

12 30 18 

01 


Vmtheld 

Milk College 
Hanomi 

Baikal w 


12 10 V 

80 


do 


IS 33 

13 n 

13 31 

13 31 

IS 3b 06 


hi 

Nike 

ban Fiomhui 

Ban Joee 

Nipo 

Bukdey 



- 

. 

Boulder Creek 

Feb 1, a m 

10 10 

10 10 

8 

1 


lot N 87* n 1 
Long W 133* 8B> 

Feb 1, pm 

7 11 



lavenuna 

Feb 8, am 

4 31 . 


. 

la Parte 

H> 18,1m 

10 80. 


. 

Lueanoie 

H> 14, am 

0 41. 


. 

do 

H> 18, i m 

3 0B 10 



Paint Xenon 

Feb SB,am 

1 10 40 



Bumka 


Hmeifci 


Oman acumogiapli, noith- 
xDuth eumponcut 

Omon eeumogiiph, e<i»t-wnl 
oomponont 

Oman mumiigiaph, cnlntM 
and luntlKrinilh uinipouenU 

Omni aouaiaginph, north- 
aouth oomponont 

Omon mumagiaph, cast-ncel 
component 

Omon uei-tmagmpli, uuilb- 
muUi component only 

Onion wemqgiairii, noilh- 
«ulh component only 

Omon munngiapli, noiLli- 
•eiulh component blight 11 - 
itgulai ihitS 

Oman wtwiogioph, cnitraeit 


Omon wunagiapli, ini lb- 
south component 
Onion mgpiph, gutenil 


Oinon wuma|iaph Both 


Ioght 

Onion wamaginidi, nuiLJi- 
«ulh component 
Oman aeimagiapli, uut-waulr 


Shnip 

Awle popb in my bourn, 
No hoar gi\en 

Neither ihoak wn violent, bat 
t decided trembling ■««*■«■ 
eeeUneeL 28 no mi B 
71* W from BE Fusllon, 
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1,13 


Aimil ttf ajti.i-aktck \—Uuntuiuid 


Du 


Uutllun IniHHii 


I lAidlM 


Mai ll.u in 11 IS 


2U 


lkikiU>y 


0 00 01 



da 

B BO 00 



da 

2 99 SS 

17 


ilu 

2 28 22 

0 


do 

10 400 

21 0 


du 

10 322m 

372 


do 

10 21 31 

20 


da 

10 21 91 

21 


do 

12 20 37 

(U 


du 

12 20 37 

03 


du 

12 20 30 

30 

n -V 

do 

12 20 41 



do 

0 47 01 

1 47 


dn 

II 17 01 

2 22 


do 

II 47 00 



da 

9 IS OS 

» 


do 

II 47 47 


III 

do 

11 10 40 



dn 


1 iu ully Cluli In lull at tinu, 
■I |ilui<* i I 1 11 si iiuna Hum 
mu-lull mini Iibm, lupitl 
liuiun l*i iiml AMinjpiiK 
km Hum II Mi baumu 
■Imul tmr-luilf Iulul tnnp 
11 irIu.i lnlon<4ly Motion 1 m 
liiqmlni, primd cs limn lid 
Bill II H Tllllll, (Oinpnmr 
Uvfly ilunl Uni mi i mimi- 
Ini Avoiuno |uiind riuiilei 
Uuinwimciplusp Lilui-nly 
nl fliil winn on n nnid pluio, 
liuLm|ildlydrclinarl,G K G 

OlllUll HrlHIKIfllSIlll, IkllUl- 
naulii cunipnninil 

Omoii nclMiiiigiiiiih, onnlrinsl 


Onnni, uoilh-Miulli component 
Uiuurl, unt-wm oumpuncnl 

Oman, noillimniiUi ininpunrnl 
Ouifiii, onsl-niil (ompunanL 

Oinmi, nm Hi—oiiUi coinponanl 
Onion, mil-mini tompuiuuiL 

Omen I, noi Ihrinulh aomponanl 
Oman, onnlHimt componenL 
Oharivntuiy, It T 0 
(Nmnyabny, t) 14 


Omoii, nui UhouUi compont nl 
Omul, inaL-wnl foinpunanl 
Al Kni ully Club, H K 
At homo AhImiii. A O Tj 
2011 IkuinnU way, It T 0 
Oinoil (Doubllufriiock) 


iai*ia \iikm 

8 \ -8 Altai uhl 
W B « Wiliam Buis 
A H B- \ n Ml 
C B-T 
X B -B Bi 
GVO-OV 
W « 0 -w w 
110>1 TOhI 
N E-Hrf 


KCT TO INITIALS 


Vll-Vl Eskut 

W It 1-W 11 lulls 

I 8*8 Etnuwi 

A Cl UsA -A 0 IfaAdu 

B A F - E A rWlh 

111 -JhnlL Nmfctak 

ovr-ov rmnd 

OOP -O 11 Pa Hu 

oio >0 x anbut 

107-10 Plum 

\ U n-Adptadal Hobs 

nri-nr Bid 

1IUD-JI Uhiu 

IAS-JA On 

AOG-AO TrnAnr 

B 8 -X Mlh 

W X - Hutu tasks 

I 11 8 -IitIm* n Bud* 

IDH -JsmuD Msddidl 

8 D T -8 D Ttomlay 


Sr 



(DUP \lllm)N WITir DTIIWt Si:\KRK EVETlfijUAklS IN TI[K S\UK 1! Will IN 


THE EARTHQUAKE OF 18 OB 

Tlu i uLliipnke of OcIoLili 21, ISlIS, lias most society lelt in flic iigion about San 
Fiatici-oo Bay, iJiiitii ulnily on the oust side m the vicinity of Hay wauls The liinu 
of its oauiiieuce isuuinirJy slat ill hom 7 1 ' 47" to 7 1 54" am It g i\e Use to tlKisleis 
in the utj of San Fiancisco, niul mine [xo|4r ux/dling the event uudly 01 c of tlus opuikin 
that the sliuck whs os smeiL ns tint ot Ypul 18, lOOu Eaily in the linchligation ul 
the lallei iaiLli>|Uiki<, it Ixmiue appnmiL tint tlie lelalmnshipot the two caillupiuki-s 
wuuld be an essenlinl pait ol Lin; nniuiiv Slioitly alti 1 the earthquake ot I 8 t >8 a 1 oni- 
iiiiLtu. of si lent 1 lie men muleiLonk the ujlli.il.ion of data concerning the ctteits ol llie 
shock, but llu .11 upon was iiivii pubhsheil nui cm any tiace of it Lx. touiul, eltlio 
bumc uf the lnuiubeis ot the committee jio still living It is htated that the lcpoil w is 
Mippifet by the nuthoiiln i, tluu tluc leni that its pubkmtion would ilamago tlie 
irputntion ol tlie city Oui knowledge ol that duthquako is theicioic not vciv full, 
anil n contained chiefly ui the ninspapci icpoits ot Lliat day 4 suinmaiy of Lius data 
is gnen in HoUlh's Catalogue of EaiLhquokc ", 1 ami by Giusbuch 1 
With Ihe object of bupplcmentiug the tacts irgnidmg tlio earthquake ill UH 18 leconlcd 
by Ilolilon, foi the puipose of luinpming it witli that ot l ( JtKi, nil nufuny whs stniUil 
mid iiiIiiimIihI In Hi 4 A. Bullock This ficuLktuin has nticwid tin* |n>i unheals nl the 
linn 1 , aiul has uiLuu'wid many puipk who i\]xiii nicil tin slunk lit* Iiiv, also iv- 
■iiiiiiied Liu ligiun ol inaMinuiti intensity, am I lias hiul, oil siwcul ol his 1 1 i(xs a Llie gnnl- 
.iiitL ul oltl lesuleuls In msjxhiso Lu a icqiusl liy tlu Cuiiiinissiiiii, hivciul people 
Ibive wuttiui an ictuunl ot then rvpciiomcs at Uu. turn, ul tlie 1 aithqunke of ISbH In 
this way a ransidciahle body' of valuable inloimotion lias been gotten logclhci, which 
supplements to uu impoiUnl ilcgico the extant octuunLs of that caiLliquuke 

THD JAUIA-TRSCC 

It appeaib 1 10111 Mi Bullock's lnquinos lliat the earthquake of 18(18 was due to an 
railh-mou incut dung the Inst ot the lulls which oieilook Son Fianciaco Bay on the 
cubt, anil whuh aie often iclcued to, paituululy tulliui noith, as the Beikdov Hills 
Tlieso lulls piescnt a lunaikably even, at might fiant, and without doubt npi escort 
a degiailcd tault-*cnip Along the base ot this scaip a ciack opened on the mommy 
ot Octobci 21, lfMiH This ciack is ivguilcd as the tiacc of the fault winch caused the 
earthquake Its position hos been drlcunined at intcirals along a neatly stiaight line 
Mom the \ utility of Mills College, oast ot Oakland, to the lmnitv ot Wuim Spungs neai 
the Santa Ckua County line, but the cviduier of ith cvistcncc to tlie nuilhwnnl of San 
Leindio n nol \eiy satisfactoiy The rounty was then unoettled, aiul the infoimnlion 
consisted of icpoits ot eowr-boys uding Uu longe Fiom Ban Lcandiu southeastwaid, 
howciei, tho evidence ia full and canclueise The genii ol tieud of the fault is noith- 
ueBt^outheabt, 01 , to be mom exact, N 37 ° W, a homing almost the same as LliaL of 
1 hniiLlMiuum Mist (2)11, sol wuii, 1808 

1 Milt rl k k (nsf(i ipli (uwlhi li hi Wan, Mhiui mi, IMA, (i|) CJ-Ol 

■Ul 
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llic ldulL-linie iif IfHKi aluiui Liu* Han Aiulic.ii Jlilt Tlu. jiosiIuiii of Ihu faull-liiuc i*- 
shown on m ip 1 Wlulc in (viui.il il In h ahum I Im I jam ul the olil dcgimlid scaip, U 
ii -lill, Ini Llui iiiml |jait, willuu llie Iii 11 -iIh|hs .uul mil hi llu* alluvium winch evlciuls 
limn Liu* Ihno ul Hu lulli In muu plans win h il oiost, tlu hum gumml, lI k* ci.uk 
ihnwciL ldiiUiui> in di-placcmeul oL S hi 10 iiuliii, lull limn lhe .uiiuuils given il n mil 
cli 'll in nh il ilnii Him llii liiullmg (nuk ]>l.ui Tin il.ilunciilh umIiciiIi a slight ilnnii- 
lliiun on llu* Miiilhniil iulu Jn ullu i plum u (li-pLu i iiumiI nl .1 h cl ih mul lo have 
Ikimi dlucivnl In pliun llu: ci ick <11111111 llu liiull-li.u*e o|hmhi 1 In 11 vciv iniinileiiiMe 
lUplIi mill u nullli ul 10 ui 12 uitlui, .uul 11 in 111111I «i|mmi tuilil lilliil wilh lidliug uailli 
(>11 llu hiftlu'i pound nl llu< IiiIU* 1 u]nn mi 14x11 (i.uk nm ulrsiviil, then* n.n mi'icly 
llu (idee ol the lupluio 111 llu< uni 'Pliu laiill-liacc cnulil lx billowed ul uiluivali lm 
20 miles soiillicinL I10111 Sun IjluiuIio, ami il luitl u ill night. mum 1 wilhuul legnul (0 
llic cmiloui ol Llu* lulli I11 mine pluui il w.n ipuLe .il llu* but I mil ul 11 hillside, while 
fil> ollua plncch il w.n liif^li mi the iIiiik*, ami mi ul lmsl mu 1 low lull il pail lU'iu llu* 
lop lluu .1 s,uUUc-hke ilcpii mini Spi im>i 1111 common ahum llu* Inin* nl llu* lulli, 
.uul (lies Idiill-lincc w.ii dlxiM llu ipimgs An ni ding In llu* liilimuuv nl old icsulculi 
llu lion ivai mil nllw ud In Llu* 1.11 lli-mow mini 1 I11 llui lulli lo llu* luullicnsL ul llu 1 
laiill-liaoc, lion l'vi 1, new spimgh mu* Hliulul uud old mid icyiwiI, ulllui miiiu lew 
((■died flnwmg 

Thai llu* cnuk L'vlciulid down uilo llu* IxtluN'k ih Ichliluil Lo liy nuuiy who i>lm*mil 
closely Thiou 111111 ic(Nnl(iL Llial lliuy Idled lo souiul llu* luilloiu ol llio i luck, lull weic 
uuabh lo do 10 In llu* \ u mily ol IIujwnulH il it n'purlfd Hull llicic wi'ii* (wu luaueli 
nocks I10111 llui iiuuii one, l muling oil uilo llu* lulls Wiilci mid mud nm* phi led 
limn llio ciiuk 111 one plnci* 

Between Docolo niul Niles llu* i ini k lell llu* Imse ol (lie lull limit, mul deviating slightly 
hum iIm giiieiul deiul Unit liu, 11ml llu* plum nl llu* idluviul Inn ol AJumctlu t’iii»k nl 
lln* inoiiLli ul Niki C.uiyoii Lo llu luol-lulls nl (lie (own ol liviuglou Km (he gienUr 

I mi ( ol llui ilitl ume, il iippcniiil 111 1111 o|h*ii i mi k 1( |nnl Him a Ingoou uliuul 

II *1 null 111 leiifil li, loilnwiiig ilusel) (In luiuiei n\ii ol Llu di*|ii i sin ui, mul llu* wnleiuf 
(In* laiiiHiu will ili.iiiuil mil, iip| mi cully 111(11 llu* enu k Al hvmglnii llu* euiek Ihkuiiiu 
1 uuu'uleiiL mill llu* veiy sliuighl ami even miiioul liuill-tmiip ul llu* (mil-lulls soulli- 
cail ol Llial lown Thu micusil nuip luci a slnki* ul N dH° W Beyond llui il wui 
nul obsmeil lullici tluiu Aipiu Cnlionlu (!iuok 

Iiiuuodialolv Lo Llic cail ol MisMim San Joso, onLuely willuu llu* lulls, unulhei uark 
o(ioiuxl with a ill ike ol N l.S° lo '20° W, which, cuiiYurgmg ii[Hin llu* ciock thus for 
Liacod, onLcuilcd muLli 111 fai us Llui oounly hue 

Tlic gicatCbl inlonuly ol llio auiUuiuahc was along Lite ciaik am 1 111 iLb vuuiuLy On 
Llu* piojccLion ol Um lino soulhwaid 111I0 Santa ('lain Oounly, llu* mtoiiMlv dinihublil 
bloodily ui lai ui Mm gin IIill, wlicia il again 101c AL Gilioy, UolhiLci, and Son Juan, 
ocooidmg lo lopoils, U10 mlenuly wui biilhcienl to Lluow down a Tow chimneys oiul Lo 
oidok some buck and adobe buildings 

The gieoleiL damago was done al Ilavwaidi, whcio licoily cvuiy houao was Lhiown 
oil its foundations, while ol San Lcandio llic shuck was less aovoio (Sco plalo 1441 
V. houso ncai old lllau Poik, m the [illhcuL FicdmonL dislaicl ol Oakland, was badly 
damaged The only ulliei lown ol Lhal daLo in 0I010 pio\.muby to Lhe ruull-ldaco was 
Mission San Jose, which lid in tho hills a low bundled yaidx wcsl of it In this town 
ucio aeveial adobo buildmgB, one of winch, a ehuioli, woe wiookcd Many chimneys 
wcio Uuoivu, but the goneial effeot wax muoh lea aovoie than at Haywuda 

1 Tho gentlemen nho dncilj oldod Hi Bullock in Imeing uul Ihu oruaL ua Udhh W 901(111,9 11011, 
milllrCHilliv, bthanLcandio, Urns O Hill, V F Allen, F W ipiln, anil TI V Hunaui uf TIuymudB, 
Hi DlluIu, ul Dnato, und III W huj, uf Niliu 
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In geneiel, the dueclion of threw of objects wab noith oi tuutli Fiom hemal tanka 
tlie watei dopt noith ami aouth Neaily oil the ohimn^e icpoitcd were l hi own 
eithoi nmLh 01 aouth Seven al fiame houses wcie l hi own aouth One or these, 06 
mile south of the line of the fault, was thiovra 4 feot and anolhei on the line uasMolonlly 
t hi awn b feet 

Seveial people icpoib that lumUmgB pieceded the shock, coining ajipoienlly fiom 
the aouth oi southwesL Otheis saw a wavo-like motion set up m the surface of Lhe 
giound oppioaching tioin the aouth or southwest 


THL DITEOT OF THE EARTHQITAKD IN BAN FRANCISCO 


At San Fianciaco and neaiby pomta Lhe —iClM|mfcw lasted foi ahouL 42 seconds 
It was m genual noilh and south 1 A second shock followed the fiisL at 0* 23" a ii , 
and lasted fm 5 seconds, with the same duection as the firnt Until about 12 h 15“ p u, 
light shocks contrauod to he fell about eveiy 30 minutes, and inside or (he 24 horns 
immediately following the initial -shock, 12 uimoi shocks ueic telt The fuet indication 
of the appioooh of the eaitliquako waa a slight iumilling Bound, coining appaionlly 
fiom the duection of the ooeaa Tlio bouml was Ueaid mny dishnotlv m the lowei pul 
of the city, buL the lendanta on tlio hills do not appeal to have hceid it (Sou Fianciw 
Tuna, Oot 21) The shock commenced in the Coim of slow, hoiuonlnl movcmuiith 
The osodlatume continued fiom 10 to 15 second*!, glowing rnoic lapid end moie violent 
for 0 oi 7 acoomls, then pai Lully waning toi 3 oi 4 secoiuls, Lhen ucieasuig in foico and 
lapidity foi 4 ai 5 second*, then suddenly ceasuig (Alla California, Oat 22, 1868) 

Theie were no eboonxiol beiometucal changes at the tirao of the eaiLhquakc No 
ehionometet in Mi Tennant's office wee distuibed oi showed nay chango or late Thu 
pendulum clook in hie office waa not atopt A lianbib mstiument mooted on Russian 
Hill, belonging to him, wna not distuibed m the dightest degtee Two megnolh, one in 
hie offleo end one in chaige of a fiiend, showed no lov» of inagnetio powei One was 
loaded to its full e\lent, end lhe slightest Ians of powei would have pci milled Lite weigliL 
to fall UJvlleha, Oat 22, 1808) 

The poiUon of the city which antlered most was tlial pait of the businu* diblncl, 
ombiacmg about 200 aciea, built on "nuulo giound", tluit is, the giound niado by 
Ailing u die cove of Yeiha Buena (j3ee plates 145 and 14b) Thu bottom ot this novo 
waa a soft mud vaiving tiom 10 to 80 foot in depth, and the mateiial usod to fill it was 
laigely "dump" lcTuse, much of which ■ oiganie and hence pciishablc Many of the 
budding* of that peiiod weic bmlt flat on this filled mod, without piling, and befoio 
the land had had Lime to becomo film On thia made land theic was a voy evident 
bdt of maximum damage wvcial bundled feet wide and lunning about noithwnat and 
southeast, commencing neai the custom-house end ending at the Folsom SUcet wharf 
Ono account ot (ha bdt goes so far as to trace B oi 10 distinct lines of maximum dis- 
tuibance, pi ache ally cteiy buildmg on these hncB being moie m lesB damaged, while 
none outside of these luce was aenoudy injuied 

In many planes tho made land settled. At the junction of Maihst and Fiont Bticeta, 
the giound sank fm a foot or two, and theie was evidence that the tide had liben in the 
adjoining lot nt the aame time, foi a pond of uatei collected end remained until low 
On Pine Sheet, near Batteiy, the cobbles on the south sale of the alicot sank away fiom 
the euifastonea to the depth of 1 foot m some plans, and the asphalt sidewalk on the 
north side was twisted and torn out of all shape, and its wmn«ii»tww i with flw cui butane 
Beveied (42ta California, Oct 22,1808) 


1 Thai Tranent, agrat U B Gout Barmy, in AUn Cabjwma, on Out 
48 ncamtla und « bang fiom ■outhmat to tun thwart (nearly) in dueotion 


0,1B88, lapniU it as la*ting 
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AL Iho cmncv ot FubL and MaikcL Stioeta, the giourul opened in a fissuio wvoial incites 
wide. Al olltei plates Ihc ground oponod nml wain waa loreeil alnno lltutairiacu. (San 
Fianu^ti Bulletin, Oot 21,18(18) Al Fiuinonl muI Miss mil Slintls Line pound ofiriiLtl 
in nioiiv places i.l/fa Cahfoinia, Oil 22, 1808) Tin* p uci.il mmso ol damage in 
Iho nlv was olnuq Lite fncguLu line ut the 'made LuuL," in low alluvial muI, wlieic il 
mel Un haul oi iin kv Imiso bcnckdli il- Along Uui lifio or llu* old slime o[ lei bn Buena 
Com*, we liiuiul (lie damigc to buck. buildings ninth Llu* ImaesL f(!cMg|u Dnvuluni \ 
The oiibloui-liouse, al llu* coinei ol Huibomo and day Hi it els, was hmhsl kiiiiIi, Fiy 
what seemed In lx* an Hndulaling iiinLiniirXind plasloi fell. (Unfitlm, Del 2J, IHlri )) 

The outstanding poilieo on llu.* easl salt* ol llu* lUsloni-limise was so ludly ahalleml 
llial it had lo In icmoved, llu* nuun huihling si noil faulr wrell, but one of Iho clumiipys 
was bioken ariosb at llie mof-liiu) and luineil lluu an angle nl »vei 4!»° (Ueoigc 
lUwIhon) 

Tlio ginmul Hum and Lite toumlalmn of llu* old Meic hauls' Exchange ippcaiod (o 
Imvo lahrn a dilleicnl nuilinu lioui llie uppei [Milium Tlu* inch nvoi lliu mam ooindni 
appealed In have lx*on cnishl Jusi uiuU‘iiu*illi ihe cenLoi, Ilia nulling wan iau>cd 
2 inches Tim caucsponduig lucli al llu* south end ol llu* uniuliu was alao damaged, 
aiul lluuo was a snnilai piolulieiaiiee iiinlei llu* mailing benenih il. Smallei aiulu*s 
■it ligliL angles lo llu* nruu aiclies ilesenbeil wi*ic oiushl in sutulai liuJiuin Tho nniLk 
anil soulli walls of llu building, al llu second IIool, ovei llu main aiolich, opened in 
laigo ciaoks (Bulletin, OcL 22, 1808) 

A .Woiy bnelc sliueluic on llu lomei of MaikeL and DalLciy SLicela, m an 
unfinished ooiuhlion, was toniplelbly llu own down. Several ddliuoiiL icpoilu btalo, 
liowover, thal il was vuy pooily cuusiiuclod In llu Union Foumliy, on FInl Sliuel 
al llu comci of Mnikct Mlieel, must ol llu marhmci) was displaced. (Man Viannvo 
Bulletin, Oel 2], 1108) 

Tho float of llu* Parilie foumhy was i nisei l aluul 2 Teel in places llu eenLoi of 
Missiun .Sliccl io|iposiLo Vieinnnl HLiacl) cxjuvil au opening fiom 8 to 10 uiolios wido; 
and nianingi oi the giouiul woic also plainly lo lie seen on iSemonL Blicel, m llu* mino 
lionuly (San Fianiwn Bulletin, Del 21, JRfiR) 

(hilsulr of llu unnifdialc dislml dehrnlied alxive, (lanugo lo llu leal of llu cily was 
voi y meager II will lm nnliccil m llu ldllawiiig milrs, and liy a coiUiullHlinn ot llu map 
ol Hail Fianeiseo, plale 140, Ilial llu* legion ol giealosl agiLalion wwi c uufliusd lo the 
low lull ions of llu* ciLy, oi llu* vieinily ol mine old eieok lied oi awunp 
The (lot beLweeu Ilowaid Hlieel and Miwion Bay was nioie ncvcicly dinktu Ilian 
Ruhsian and Telegraph Hills, bul llu* damage, save lo chimneys awl plaster, was slight. 
The only splines injuiy on Keainey HI reel was dono lo a building ou the east sulo ol llu 
siiecl Tlu* building was an old one Al Iho coiner of Fifth ami Maikol Hliecls a fue- 
wall was llu own down Al Llu* coinei of Foui Ih and Jliyanl Htiocla, walla weie oiarkisl 
and damaged: Fouilh Sliccl neat Uiyanl ojuned m places ami al Llic oioasing ol JJaiu- 
son ami Fouilh llu* lailiowl liark seLUcd about 8 inches, Iho planks lulweon llu lads 
using almul 10 mclu's The Lincoln School-house (east sulu ol Fifth Slicel noai Maikcl 
Sliccl) was badly damaged, mosl of Ihc chnnneyu being bidkan bul nono Uiiown down 
Tlu luge xluluc ut I<incoln m liunl ot Iho building wbb turned, but wbb nol Ihiown oil 
its pedectlal (.San Fiammco Bulletin, Oel 21,1808.) 

The luge dumnoy uf llu augai lofineiy on Eighth Slieol felt m f e&ubhmg thru the 
ceilings. (Lottci lo New Yak Time»,_OeL 21,1868) 

A diug sloic at the comci of Fitlh and Folsom Slioets had its cnluc Block do- 
stioyed by tailing Tho chimneya of the Mission Stieet pubho achool (wot aide of 
Mibuon Stieet between 15th and 10th Stioeta) toppled oft some brloka. (Alta Cali¬ 
fornia, Oct 21,1808) 
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A pnit of llie buck walk ol Ilia now Colvaiy Chuich fGeaij ami Powell SliwM fell 
A *«mall oicvico opened, as in lHbS, on Hownid StiuoL beyond Sixth fdiecl No damage 
was sustained bv thu diy-dock at Hunicr'b Pouit On thr heorh si Hip loot ot Wcbslci 
Slicct, below high-waloi mark, a fmuio opened, extending lengthwise mlh the wain 
The hiicam ol a bewei 1 tinning fiom the Laguna to Lho tool ol Wolisici Sliect mlo thr 
bav, lutliLito elcai, immediately turned mky blink {Alla Cnltfuima, Or( 22, 1808 ) 
The sugai lefinoiy at Noilh Point, n 7-atoir Initk Miucluii, -hi mounted by a loll 
buck chimney, was uijuicd to tlm evlanl ot losing fl 01 7 t'^ol ol its 100-fool (huuney 
A laige frolic was mode in the high bank nou Foil Point and the •Jiotk wn- tell scvcirlv 
at the Foit (fan Monels co Tune', Oct 22,1808 ) 

At the Clift Houfao nothing umnuol took place, with llie lucpliun of a decided com¬ 
motion in the oocon and an impotus given to the nvciy-day wa\c wlueli -onl il wi‘ll 
inlaml, say 15 oi 20 tret above the usual mark The shock, lioucvci, did no dummy 1 , 
not even upselling any of the gjanwue in the bm (Alla California, OeL 22,1808) 
Upon Rus-inn and Telegiaph IIills the shock was not vnv damaging Tn some houses 
on the laLtei ornament* weie noL displaced fiom the mantel and tlio inmates did not 
come to the doois In othni*, books and ornaments fell down and maiblo mantels weir 
staitcrl fiom tlicu places The oaeillaliona an Russian Hill wcil rnoic seveiely Tell 
Thoie was a petty geneial stopping of docks, some ciaeking of plastri, anil tluowing 
down of light oi tides (&zh Franruco Bulletin, Oct 21,18li8) 

A pail ot walei, two-thnds hill, on the pound at the bunimiL of Russian llill, slop 
ovei both sides tAltn California, Oct 22,18681 
The cdoicd Masonic Hall, Stockton Suecl between Pacific unit Riooilwny, u 2-slmy 
buck hlmatuic, was hadly wrecked (Am FtanciKo Twin, Oct 22,1808) 

Fiom the mcagoinca of lopoits it is certain that no pool loos was ooaasionod by (lie 
posting of water mains The Bulletin toi Octobei 21 lepoits that the water at the 
Mubion wns shut off by the ppe being disconnected In acvoial puts of tlm eily the 
wotoi-pipcs hiuka undugiuund and cnuaod some loss of walei, hut Hit walci aoiii]Muiy 
soon had all rcpaiiB made Mo files aio i spoiled m the uppai Mi-sion disturl (lining 
the 24 horns following the eaithquakc At Laguna Honda (a naluial iohcivoii mul tlm 
chief source of walci supply, 2 5 miloa webt of Valencia and Maikct Sticcls) [he walei 
was violently agitated ami llio waves met in the center, tlnowmg up a huge jet several 
loot mlo tlm mi (Attn Cnlifmnia, OeL 22,18081 
The fuel alarm of fiio was given shoilly aftci B o'clock fiom Box Mo 2ft (nm I Insist 
coinn of Clay and Battciy Btieets) The fue was m Wellman and Peek's pneny (Fioul 
and Claj Slicats) and was caused by matches Tho chief damage was caused by water 
Dining the mgjht tollowing the caithquakr, thicc flies oecuued in the wholesale div 
tncl, but thme was no look of walei and all weie quickly extmguislied 
In tho Fue Oommiesionei'a rcpoit in the Municipal Rocoida of Ban Fiancisro fui 18IIR 
1WW, tho following louses by fiio am lecoirted Bcplcmbci, 1808, 824,220, OcLuIxm, 
INiK, fl33,6(>4 40, November, 1S08,819,020, Dcccmbu, 1B08,582,010 
The foice of lho shock was dwlmctly Tell an tlie boy and as tai as 15 miles west ol llie 
heads, but no peal agitation of the water is lepoitcd Ihe tvlc-gago at one of llie Cluv- 
einment stations indicated no unusual using of the tide (San Francisco Tunas. Oct 
22, 1868) 

Theie wns no tidal wave aceompanymg the eaithquoko The pomengeia on a feiiy 
steamer (off Angd Island) foil* the shook and supposed for the t»m« that they weie 
npound Many othat boats lcported the aame expeueneo Two boatmen In a White¬ 
hall boat off Foit Point leport a heavy rumbling sound coming fiom tho walci Then 
boat was shaken and whnled mpidly aiound (bctoie the ioIIbib icacheil them) and 
shoilly they met 8 heavy ioIIbio earning ham the noithwsbt on a ««im sea (AUn Qabr 



COMPVHIbON WITH OllIHU bM'JEHh. R VltTHQUAKMs JN h\ML R HI ION 4H 1 ) 


found, Oct 22,1808) The shock or Ihc aailhqunko was diniincllv ti'lt al ara near Hun 
Planeisco Oaplani Toboy, or the ihip Patiala*., lopoilcd being at onclior m deep wnlu 
ubout 1A imloi wist ot tlio ilcncls xvhrn tlic shock look plate At lust it wemed as it Uic 
venal top passing oxto n ooinl shoal uiul sinking quiU 1 heavily The noiso ami motion 
mude it scein as d Lius ship wcic dragging, with lier ehnnis also slipping out (Mini Ftan- 
riMYi Bulletin, Get 22, IHliH ) Tlu? slup Ccvncwiti tell the sIkk k lusulr mil at the Fmnl- 
lones, ihe hug Oncnl, Itouivl in, 8 miles out, c\pciicnrcd Hie slmrk heavily Pilot 
Muipliy, on a limspoil bound nut, uiiorUsI that the Imik seemed to luivc siiuck Iml- 
tom, hei piogim being impeded, aiul llic ship, csiiecuilly (he yiuds and masts, Ueinhlisl 
violently (flan Francisco Tunes, Ocl 22, 1K08) 

The total list ol casualties due dmsiLly to llie eailhipinke uuiulieieil A, anil about 2A 
moic oecuiied [torn secomlaiy cautcs Tlio loLol loss ol piopcit} was \ mini inly statist 
from *300,000 to (A,000,000 Ilnwcvci, a caieful estimate ol damages made a day oi tan 
aflci lliediHistoi, placed il al alioul $3AO,0()0 (Aim Fianusro Bulletin, Orl 23, 18(18 ) 

vnn nivrninuTioN oi inti nsity thiiuout iro vrvm. 

Heald'buiq —A good shaking Ihsivichl hhoak exci tell [Deinunalit Rlmukntl, 
(>01 24, 1808) lasted ahoul 10 wsmiiuIs Viliiutions noilh mid hoiilli floi.ks slnpl, 
[Alta California, Oat 22, 18(i8) 

Oueinanllo —The cnilhquakr was of gieal seventy Tl frighleiusl my limse ami 
lie stalled lo lun away, hul a huge line which luul been eul ncaily thin liy olinpiiois, 
anil wlucli they felled n few moments aflci llio aliook, wbb nol ovoilhiown by lira shook 
(T E Thayoi) 

Mania Rota — Hcvoichl shock ycL Cult Lasted 10 hcoonds Noariy all hi lek buildings 
In town moio oi lima injunxl Many chimneys down (Alla California, Ocl 22,1808) 
Violent and oomowhal piotiaoled oailliquako Vilnations al fuel from weal lo cast, 
but Huildonly dunged fiom south lo noilh, and oonLutucd abouL a minute Damage 
lo pmiKsly oonsidcialile. Several bnok buildlngB ciaeked Al 'Windsor il wasliglilei 
Ilian in Santa Rosa, and faillun noilh still lighler AL Hononia, Soboslopol, Bodega, 
and dsowlune, iho aliook was sovcio bub liLLlo damage wbm dono (Santa Rom Demon al, 
Ocl 20,1808) 

Petaluma —Vibialion ninth lo south, 10 acaoiula m duration Rovoml buck build¬ 
ings injuiod and many olunuioyb (AUa California, Ocl. 22, LB0R.) (Vcillalioiib Irani 
east lo west, 8 ihslmel shocks lasting in all 10 lo Iff soconda (Pitaluiiia Aigus j 
San Rafael —Trinblc sliork YiliiulionH soullnusb to noilliwchl, loi lully a minute 
(Alla Cahfni ma, Ocl 22, 1808) 

Napa —Violent slice k in northoasl dnoolion for 30 Becmida, aceompaiued liy low 
lumUing sound Somo sliglil damagp (Aha Cahfaiinn, Ocl 22, 1808) 

Maal acveio shock ever lell Lasted 40 seconds Mo seitmis ilainago to buildings 
Fivo miles west of Napa a numlier of trees woic ovoilhiown (Napa Repot la ) 

Vallejo —Eaithiiuako tcxoie Many olumnoyfl down (Alin Cnlijmnia, Ocl 22, 
1808) Heaviest shofkb evoi fell in Vallejo Ono chimney and aomo plaslci ihiwu 
Duhu tin own fiom didves Bay smooth (Vettejo Renider ) 

Mere hland — Clnmncys worn Ihiown, and somo buildings woio oonaUlorably ahakon 
Shock occoinpaniod by lumbhng Bound 

Chico —A perceptible moving of tha earth. Lampa and diahaa rattled (Chico 
Courant, Oct 23,1808) 

Colu Q1 ' 1 1 Not over a down people noticed It. KOohmJSvn.) 

Mar, ■* light; netioed. by p («W 4 »ly. (Mtotiatyr mfa ) 

Sacramento .—Fielty heavy chock from aouthooat to northwoat. Plaster araoked. 
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Luted 20 to 30 second's Wotoi in the lira icoeded, shoaling vessels, and then lose 
with a tush (Satiumento Union ) 

Ktnrfhl'a binding — ‘ I was miming a floui-inill at KmghtS Landing in 1K0S While 
the aluck was not unusually neveio at that place, it did some damage The gable end 
of tho null waiehouse wu thiown down, not by the Yibialion ot the quake, I ml bva 
pile cl wheat being thiewn down again«t it anil toicuig the end of the building out I 
was out m a pastuie at the tune, pumping watci foi block, anil noting Hie wolei sloshing 
hciu cne end at the liough to the olhei, I wondeicil as to (he cause, ns I hail not fell 
the shock on account of tho motion of my body in walking tho pump On looking up 
I noticed the lice* swaying back anil toiLh, with no wind, and I knew it must bo on 
coithiiuake Thcio was some little lom in the town m the way ot bicken ciockciy, 
chimneys, ole The hrovket shock was along the edge ct the valley neai the Coast 
Rangm In this county it was heaviest at Wintois, wIicil it ilcniolislit John Wclf- 
akill's home, a stone building, and dul considerable othLi damage " (E II Ensthuin) 
Woodland —Two -c\ me shocks, fiom ooullicut to naiLliwe^l, lasting a minute (Alin 
California, Oct 2 2, 1868) 

Smiun —Severn shock, nmth uml muith Plight ilamngo \ lew bmk buildings 
docked [fSulono Sentinel, Oct 22,18l)8) 

Mono —Severest bhodk evet felt Sudden uphcasol, altcmlcil and rallowiMl Ini 
neaily a minute by a swaying m a nmth ami south du or lion No damogu except clocks 
m walls iSaciamcnlo Daily Union, Oct 24, 1608) 

Martina —Some buildings damaged by nodes Walcis in fionl cf town causal 
te dance Fwh lose to auifau iMaiiinee Gazette j Couit-houso wicckod (lluklen 1 
Walnut Spimge —Ifcwicsl bhook ora fdt Goods m store l hi own horn shell n> 
(Alla California, Oct 22,1868) 

Aniiath — Severn shock fiom Bouthwut to nnithoBat fai 30 soconih Pcscial Insum 
framed in (he giound iSatmmenlo Daily Union, Oet 23,1868) 

Benaia —At the lepamng wanks of the Pacifio Mad Steamship Company, an non 
shall cf one of llic ude-wheel steomeis was lying on Lhe giound m anoitlMoulli iliiec- 
tmn The coilh mo\cd horn undu it 0 indies, lengthwise, but u whal iliiooLinn is not 
icooidcd fQinngf Davulaon ) 

Stockton —"1 was then 13 ycats old With a younger biolhoi anil a Lliuil Imy J 
hod, on Lhc luoinmg ot Octobei 21, 1868, gono to the edge ot tho lulc maish about 2 
miles southwest ct Stockton, to shoot ducks Tho moimug flight oT bails was unci, 
and wb were ictuining home My tnothci liad his gun at lha bhnuldci anil was aiiiuug 
at a meadow-laik whan the eailh movement commenced The laik flow up without 
appaient cause, Lhe gun moved up anil down slightly, and I at once had a looting Lhul 
aoincthing unmual wax happening "Withm a low sciniuL> the woloi-towl, liuldcii fiom 
iis by the tub 1 bat in counties numbeis, mso with a now; hkc lolhng tliuiuloi anil look 
flight towuul (he wist, while US milo to the coat a small band or cattle, with howls 
down anil toils m the on, wcie lacing anoss the countiy By (his tune tlie cailhijuako 
was picbably at its maximum, anil, Locking cost, I could tliriuiclly sou Lhc giound's 
mu face in wave-niotion, the waves apparently moving aeioss the lino or \ isum Dunng 
the tune this motion continued, it was not pmcoptiblc as a vihiation to the sense ol feel¬ 
ing All thiea of us mlmitted, however, that tha earth tolt insecuie umlci fool Wo 
could detect no etiaot on tha water auifaca of the swamp Stockton cacapcd with only 
hore and theic a clocked buck wall" (G E Giunsky) 

Moat sarae shock era felt Vibiabon fiom northwest to southeast West cf Lodi 
and Woodburige, shock waa as severe as in Stockton (Stockton Independent ) 

In a slough watm waa thiown into ebullition to a height of 2 feat for a few minutes 

(Stockton Gaatte) 
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Bakidcy —The Stale Institution loi Lhc Diuf, Dumb, iuuI Blind Losl 11 olunuicw and 
2 gables, and icai Molls moic mnekal ui so\pi.il plerm lOakland Nan, Oel 21,18(18) 
Oakland —Shock picccdcd b\ n i ambling sound Pans ol nnlk ami lulw ol wain 
emptied alinosl in a nuincnl, liens wlupl ailmul liki* stuns, many Iioima luisicil /> 
oi fl inches out of mluoic, pailiculnily those on buck Loiuulalions Tlio dashing or 
lolling buck ui llu* Ileal, Dumb, aiul lllnul Institute was lunid a few hlockb to tlio 
south Ixifoiu llu* slunk was [ell Uliniincys veij ginemllj dnuu, pailuulcily iho* 
on south and ansi nulls, in some imiLs all (liinuicys l In own Miuw ihuuncvi 1 Misled, 
if nol tlnumn Mnnv biuk buildings wen hlmllcied, ninl h'mm.iI wIi.liyis went down 
with loads cl Inwk, anal, liny, etc Jn Jlinnklyii, ns in Onklmul, ninny eluniucys weie 
binkcn oil al tlio inofs (1//a Calilunun, (let 22, IHliK) 

Tim dun bulge cl tlio Han Funnsru mid OaMiuul Railway was Uiiuwu nut ol place 
alxjuL 8 niches ( Centennial Hook id Alameda County, p 2tm) 

Tluuoul the uly chimneys ami walls Till south (Oakland Naps) 

Of Iwo houses nc\L nu.li cllun llu* olilm one blood on pools 4 tei‘1 nliovc Uic ground, 
ululc tlio otlu*i wiw supposed lo lu eailluiuakc pi oof The basement, walls won* solid 
ami of goad woikniaiialup Tlie old luiusp wnb badly shaken, bul nol ujuicd, Hie 
cailluiiinkc-pionf house liud llu* Imseiueiil whIIi clocked, all lhc ceiluigs llu own down, 
and llui uuulile nuinlel ui carli ol llu* locmis tluown ujiou Lhc flooi (Geo l)n\ idsou) 
Ahmrda —Rluwk \eiy seveie Senieely n liciiso csfapad umiguiud (Alla Cal ir 
Jmnia, Orl 23, IRI 18 ) 

Ain Leaiuha —Tlie eailhi|uoko wns murli iiime severe Ilian m Onkl.uul m Alameda 
Nol a building esraped homo ui|uiy Chnniu'jti loll nnilli aiul south Tho comLrhcuxc 
was in luius A bulk 10 k*el wulo ami 0 feel deep wan cnlncly uuplusl cl water The 
lwd ol Han Leamlio Gieek, which had lieen diy lot hovcml monllis, bacniue filial with 
a Hlicaiu ol walei (i reel wide anil a tail deep A team of mules descending a lull 0 nulm 
uobl ct Ilaywnids, weio tin own lo llien knees A luinlilc pieealal llu shook The 
longcis ou llu* old IVinltn lanrho unul tlie mack pasL llnough lhc rcol-luU<i on to Oak¬ 
land (Vniuns old icsulenls) 

•San Lot mao —Tlio limbs cl a sjenincic liee, 24 loci lngli, struck Lhc giound. 
(G Ilydc) 

Hal nous and a keltic weir jerked nil Llu* sieve smilhwurtl. (Min Animus) 
Jlouhc ami Imuu woiu luLh pioslialcd (Mis M If (liuislicigi r) 

A house wns llirown oil its rouiblnlimiH ('humicyi wi*n> thmwn uortliwaid. 
fE Llewellyn) 

Ilay\cmd\ —The eiaek past diagonally up tho llaywaids TIill mid ciosl 3 foal Irom 
the smith comer oT the okl lutel, past jusl iscsl ol the Odd I’VUows' Building, Lhicugli 
Uie Gaslic lot, leainvg oil a ooinoi of llu oilolie house wluoli stood wlieie (lie jail now 
u, on Uumigli Walpul'ti IIill Lowmd Dceolo By llu holel llu eiaek JiihL opened 18 
lo 20 inches, bul soon dosed lo 5 or 0 ll was of unknown depth, ocveial bolls of twine, 
lied togolhci, Willi on non ouikoi, faded lo find bottom Tlicie wns no walcn m lhc 
fissuic, ten Ihe non camo up diy Fiom llu ooinci of 11 and Fiml fiuocla anolhoi mack 
past ncmly cnatwaid lowaid llu hills, and faded out by Ihe sulfur apnng about 16 
milcb distant (Mis Win nkvwmda ) In a genoial way, llu mock fiom llaywmda 
to beyond Doooto past fiom 100 lo 800 Tool above lhc base of tho hills Practically 
not a house was left on its Inundations u Haywards At mu placo south of town the 
fault bhowod a Lhiow of aomo 3 loot (W H Wcilbjc) 

"Since Octobei 5,1802,1 have lived in Hoywaida, Alameda County, and I wdl remem¬ 
ber the earthquakoof October, 1868 Being lanuand having used a cane fiom childhood, 
I had nevm walked without it until that morning I was walking in my shop at tho 
time On feeling lhc tenible shook, and an lhc impulse of the moment, I managed to 



442 REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION 

get out of the building anil into tho atiect, somo 18 feel distant, but on lctnvciiug fiom 
my flight I found 1 had left my cane m the shop 1 managed lo got back into the build¬ 
ing, got my cane, and stalled fca my house only a four yawls away The house had been 
thiown ham its foundations, the chimney had heen tain fiom the tool, end Lhe poich 
had been wiencht away Dishes wcie biokon and everything wee m contusion I 
diaeoveicd (hat most of the houses weic in llie seme condition as my own— thiown 
fiom then foundations, with chimuoyb down, poichcs knocked udoways, clo All the 
while the giciuul wan shaking and continued lo dioko foi days end cion weeks, lnit 
eaoli sliock was lightoi tlian lira last On a ceilain piece of gicund ncai the Huyuaids 
Hotel them was a common boaid fonce, the boeids abutting on lira post Allei the 
quoka the boeids lapl ono ovm the othci about 5 inches, the giounrl seeming lo liese 
been picst togethi i that much On going down the county load towairi Oakland, wo 
panic lo Mi A L Rook wood's house, which had boon thiown fiom its founrlalion ami 
one and thiauu into lhe cellai Tlw houso wu badly wiooked In the south pail of 
the lown thcic was a floiu mill on a foundation about 4 toot high Thu building was 
thiown to the giounil and wicoked On tho giound which is now the plaia stood a new 
buck waiehouso filled with giein tioin tlie season's oiop The building wu completely 
tom to pracee, giain was spilt fiom the saekn, and cveiything was in a mess Tin* 
lnuldmg wnB 300 root long by about 00 tcct wide A wooden wuehouse about lhe same 
hue shaied tlic same fato aa the buck On B Sticel tlio giound opened a bout 2 inches, 
uul watci and send \ioio foicod fiom lira opening Some spimgs wcie closed, while 
othois wue opened oi made lo flow moic liccly Many wolls weic affcolcd m lira frame 
rnennei Mr Chnilce Hicixnan, who was in the baking business was dining back lo 
Heywaide oftei dclmnng bteod Looking up tho load, he eaw tho giound earning 
towaid him m wavo., and when the motion eLiuok hie hoise, die went down on hoi knees. 
Mi Human thought tho woild hail come tc an end As he noeicd tho Sen Loicnio 
Cioak, he noticod tint tho watoi had beau tin own out of the bod of tho oicok on lo lira 
load 

"At San Leandio Uioeailhquake dcstiascd lhe lmrk eniiiL-houso, whrah wan Uumi 
located thne A Mi Joalyn was killed In allempling tc escape fioin lira biiikling 
Many buildings wcie much damaged in that town an wdl os m HaywanN The eailh- 
quako web lhe dnect oaubO of the death ol 2 jraisons m Haywaids " (Geoige A (inoddl) 

The clock past thiu a giavd quany piacliLally oil the bumroit oT the hibl nuigo oT 
lulls fO Hill) 

Tlio enrak below Ilaywauls Hold was 13 inches wide It cicctcd watci and white 
sand A fence which tiavueod a hill Liom noith to south was oost fay the ciack, end 
bed lhe ends of the boudb loosened fiom lhe pods Giadually these bmuds lapl ovei 
one onolhoi, until within a couple ct weeks they ovoilapt sevoial indies, lhe piogicss 
of lira ovei lipping being noted from time tc lime by a pencil mark Tho " cap" V ^ m I 
or the fence wee also arclit up in consequence cf this movement Iraigo waves weic 
set up in the soil. The house was moved soulhwaid, while a ncighboi'e wu tint noilh- 
waid (D S Halley) 

The lumbhng piceoding the drack oamo voiy distinctly fiom tho bay, end Lho plain 
m that du actum idled like huge waves ot the sea coming towud Haywaids (F Allen) 

The ciack opened parallel to Caitio Sbcot, 35 to 50 feet bdow Haywaids Hotd The 
fence paaemg diagonally up the hill wu shot toned 0 inches (P McKeever) 

A stove m the house wu thiown noith iJ Wolput) 

A ciack 3 to 4 inches wide etaited fiom the Powell place ml stiuck across towaid the 
oounty hudge next to Nettleton's, passing west of it; eioet tho cieck, dcmdisht a fenoe 
completely, aiul poet on towaid tlio Bticwlnidge lesidence, when the houm was badly 
bhatteied (Hie Hamer) v 
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'Dip shock was licin soulhwesL lo iioi1ho.v>l Tin* ground opened tiom it mi lies lo 
2 tool, ami wain with sand wuh c|crled lo a lu lf^liL ul Imm 1 (o <3 li cl Nmtli of Iho 
ullage a mlgp ul giouml >3 lis'L wide was lnised 2 in ( Ilv llu* Lime I lie slunk was ovci, 
nnuly (lu* saluilu iil.no was in iuuis Nini llavwiuil's I[uL<>l llir lull shilled a Root 1 tlenl, 
ami a cuu Ic ope nisi loi sruial bundled leri On ilir lullh llic-it weipspvcinl new spnngs 
In 1 lie lust. 12 hums ahi'i Hip main slunk llioio wimp 3(i aflei-slintks Between Ilnv- 
wauls .uul Missuiii San Jnsp Hump wi ic nuiiioious ci.u ks, su Umi it with diflipull to iluvii 
a slagp hplwppu Ihe two low ns (llta Cnlilmnia, Oil '22 2i», INiR) 

Ml Ethn — VII llu 1 sludvuig mi smith Mile ul llu* 2 simps ul Hip town was llimwu 
ilcwn fl/fri Cnhftnnin, Oil 22, IMiS3 

Alramihi —Slunks wimp vuiIpiiI TIip ground cs|kmioi1 hi spyimilI plmcs nml wain 
ism nil (,1/ln Cahlanna, Oil 22 IMiK) 

Cciitiinllr — A tlwelluig-liiiiisp wns |iailH iIphIioypiI nml 2 sIoips wimp wipokpil 
IIoIpI si* 1 llisl 2 loci (.l/lri fWi/uiiilff, Oil 22, ItHiH) 

Habits' Lnnthnq —“Oui limisu Inuko in llupp pieces, pm h pul falling oulwniil A 
hniloi nl 1ml waIpi was on Hip simp, iunl with Hip lusl ilpnrpiiiiig jnll, Hip lull wain 
iMiiiu mv wn\| giving inc a bnlli T have iipvci luignllpn Uoisph fell In llu giouml anil 
moil rlung lo hiiiup quiiirc Hops msu 

“Captain lVlPiicn, ol Hip slpiimin Knu Lmiii/n, wlin is now iIpppohmI, was walking 
along I lip iiuul Lo Hulun Is' Lniuling wIumi Iip lipnul n giral. iuiiiIiIp oil arum Ihc fields 
luwniil San brandio Up lookl quirkly in llinl durrlinn, nml over a mile away could 
spp llio gipal wave mpull) appiixiclnng IIp mslusl lo Hip snip ol llip ionil and hail 
poughl hold oT Hip lenep by 1 Iip limp Ihc sliock bioko Npiu Imn uu llui ionil a Ikmile 
Irani wan ihawuig a load ol giam, ami all Hip iiiuIph full dal and cmilil mil lpgam Uiou 
IppI until Hip gipal joll wum nvur Dining llip H oi 4 siiocenlnig ilayn llicra worn 1.10 
slmcks, uoup, nl pouisp, with anywlioic ncai llu* rxltniL of llu* heavy onr "(DC Vmp) 

Deeolo — Opposite Deeolo a piark aiqienieil alxml onp-Uuul of Hie way up Hie dnpp 
H openrd 10 ni 12 inchps al llip suiIopp ami builLpil almul an much mi lira plaina nlrlo 
TIip level lauds waved Ukp llu 1 neenn, and I Iip wiivph hppiiipiI lo nppionpli from Uu nauUi 
IMi DppoIo) 

Ti/uin Tjiqami, south r\f Niles — A lank swayed mu 111, thru smith, ami full Tin* 
htgooii piulPil lengthwise down Hip niuldlp and Uiipw wider nml mud luilli woyu Allei 
llu 1 cailhquake Llu 1 Ingcxm won diy leu B ypnin 11 lias mi imllel Uu millings piepodeil 
llu 1 main slunk ami many of Ihc allpr-slux ks (Mm Win Tyson) 

A eiaak wpnl Him Hu* old Shinn pliipp, omsl Hip Ceiilinvillr-NilcH lead aboul 0.b 
mile BnulhwoBl of UuHouUunn I'ninfn Railway irui k, and jmsl lluu llipTymn lagoon 
(II Tyson) 

Nilas —Tho wnlei fiom Hie Lank nlnpt mwly nisi Rumblings piccedcd Iho aflci- 
diaoks TIipsp wpip mote m*vpip llisu m Apnl, JOOO (C Ovrinelun) 

A ciaek pasl Lhiu the Shinn ami Tywiu places (C Ikmnei) 

Imnqlan —Tlnu the noilli sido of town a cinrk aphl Uic lullsule, qieiung 7 or R 
inches nml sluwing a laull of 8 oi 10 indies II cioul Uu countiy ionil 500 fed noiUi 
of Uu Southern Pacific nailway depot. Ils Lrend was N 45° to 50° W Fiom Uieso 
low lulls Uu crack seamed to pass over inlo Ihc lulo ponds noilh of Lown The Tyson 
lagoon dueil up slier iho quake Tho tumbling piocoding tho duck osmo bom Uu 
noilh (R, B (howell) 

Tho nuhoad Hacks noilh of Hu station wcic hndly Lwulcd foi scvonal hundrod yaids 
(M Tony) 

In ooo piooo the crock on tho hillside divided, and burned a narrow island, S or 10 
feet across, which diopt below Uu genpial lovol ol Uu soil 8 oi 10 inches SpiingB wmo 
opened up on Mission Peak. (EE Ciawoll) The eisdk whuh put thiu Uu town con- 
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tmued soulhwaid down (he hrikide about 0 5 mile northeast-of the lailway tidck It 
opened 5 to 8 rnohee, not faulting. __ 

1 1 was llicu about 13 yuaia of age. Mv home woa neai Irvington When the shock 
fjtmp., I was alono m tho hoiM with my baby biothoi Hj mother uih m the milk houso, 
about 10 steps tioiu the kitchen door- She called Ho me to get the baby Tho I was 
thiown the length ot the dining-ioom-I managed to get the child osci my aim, face 
down, and a pillow on lop Then, felling and eiawhng, I worked my wty back to the 
open kitchen duoi My molkoi was on Lha gmund Ever\ tfmc she (tied to gul up, 
she wns Lhiouu ngain, and tho milk in the bucket■> wasbpilt over hci My two biollicts, 
mv atqvtallioi, auil the hncil m in wee also down and weic fciying to gel to tho house 
by ciawling and tailing. As I oat thne r I could uc the ground m waves tike Lhe ocean. 
Attci the mom shock, I think wc had 100 shocksdunng the finl 24 hours- The ground 
opened, uu ti veil a crock thin Lown r and the ground Bottled scveial inohes in one 
place Not a house wot left with a chimney on it Oui safe broke Ihm the flooi, 
and tho piano was out ui tho loom neatly to the opposite side " (J 7 McD Pieston) 
Mibbtm Han Jote. — ‘*1 wee culled up in a big looking-chan, loading, and iny two 
sieteis wcie out sale placing, when auddenlv thrie came n sweying ot the houso This 
lasltfl only a bhoit tnno, then the hoiuo- began to shake in earnest- My sislcis begnn- 
to oiv and scieam I jumped out ol tho chair to go to them, and ion tioiu the loom, 
bumping Bgarnet both sides of two doom 1 finally leached tho poich and sucsoeduri 
in catching hold ot a post I distinctly lemcnibcrlhat the pump m the yaid was puinjH 
ing as it some one had hold ct it, and email looks on tho hill m honL of the home licic 
rolling down into tho cieelr Hie milk pane had boon lObting on shelves of dots, some 
pans dipt entirely out, some only beltway The milk end eieam worn on the flnni 
My biolhei was hauling a load of wheat to Son Jose When the esithquake wu at its 
woist, he thougld hie team was choking down and jumped off his wagon to find ho ooulil 
hnidly stand I was told at the time that the watei spurted up in the stroots of Sou Jnn>, 
and cut in tho load betweon Milpitas and Son Jose, to the height of several reel Hie 
old Mission ehuich, which, was of adobe, was shaken down, as weio several ollioi build¬ 
ings at tho same place On tlic mountain above the old Miuon, just abosc a place culled 
Praccck Spungs, a gical oiaek in the eeith appealed, which lookt bb if the lowci pail 
ol the mountain had pelted end dfpt down Many tunes I have ciost tho hiulgc which 
was built oval the ciack, oiul slopt and tlirnwn rooks down to see if I could tell how 
deep it wab" (Mis N Aimmoith i 

Along tho hills hack of the town and southwaid, passing (hiu the picscnl Sinelafi 
ami Stantoiil lanchm, tho oiaek opened Geneislly it was 10 oi 12 inches wide, and 
I Bulled some 18 inches on the valley side (A Kell) 

The shook was piccuded bv a tumble pasting to the noithwcet Ailobo building net 
sciioudy injuied Ciack at Iiviiiglcn and on the bide of Mission Peak con hi met 1 
(J Sundeici 1 

Buck stoic was clocked. Cunfiims clocks at Irvington (S Ehiman.) 

Chunnevs fell noibh and south, os thej did also on- Apid 18, 1908 (8. Muiphy) 
Warn Spiuiqi —The ciack past along the foot-hills at an elevation of 850 to 450 
feet from Nilee souLhweid, back nf Mission Bon Joee, doappeeiing ncai the count)' line 
In some places the figure ahowed a fault of 10 to 12 inches (H. Ciutnei) 

The waiehoubb and wliaif on the dough fell, she Drum's house. Cracks in the vault) 
of Milpitas flowed oitesun water for 48 hours aftei the bhoek (Mr Duiluc ) 

MilpUat — Along Co vote Greek the giound was eiaeked from Boot's lanch to- the 
Ban Fiancisco Bay, tho eiaeks being on the hey side and following tho winding ol the 
oieek Aa in 190b much watei was ejected from the ciacks, and Coyote Creek lose 
(W BoUou) 
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Calaveias Valley. — Onl\ 0110 01 two I'liiimieys wcio cfi^lneiilcsrl (J Fallon) 

Sonia Clani County — Mcssm J W. limes uul CL Valpoy, .uni Mr* Driini ll, or Siui 
Jobo, Mi II I) Valiev, ol Saul.L Clui.i, Mcssis F. Anilrisou and (J 11 Memloi and 
Mis \Y MnuLli, cl Ucuyessa, all cl wlium won iiilmuld} ui'iiiuiuilrd with Llie- section 
of Lhc ooiuiliy in JM»B, icpniL that Llieie uni no I'l.irk miiiLIi ol I In 1 cunnly line 1 
Alcahiu [stand —A 1 iiniltlitiK houiuI ui nimiiaiiiitl lhc slim k, aiul lhc island vibialcd 
wiUia jcikiiigmoficn iMi L Ilublxud, U K A , mSnn Fitmtisea Times, llri 1SI1S) 
Ctihna — "1 was Llicn 111 jean. of u^ 1 anil livid in Htu M.iUn Counly, a mile 01 so 
south or Hie picscnL Lawn cr C'olinn Willi my rather 1 was digging anil snikmg i>olalucs 
in a field I was sewing up a suck, whciimy lalhci said ‘Look al Ui.il liiaunliuu Whnl 
is llie mallei with ilf We lell no eailluiunkc, bul (lie iiiinuiluiu seemed lo lie bobbing 
up and dewn A rimglil liain was going noilli along Llie 8 F Hack Mhoilly nfloi we 
luul obsciml the mounlaui apiiaieiilly moving, llie cailluiiuiko lenrlicd lhc milioad 
Liuck and llie rimglil Liam ajqicaicd Lo gwiiLc like a snake r i1u> nexL insLunL we felL 
iL The shock was veiy seveic, lliiowuig uh Lo llu< giound anil kmieknig ovn sad* ol 
potatoes A band ol looso lioisch, iiicludnig a loL cl young slink, in an iul|oiiung fu Id, 
tail aiound Llie held ul great speed, uLleily paiucHsluckcn Tin* liousi we Imsl m was 
in a flat some OR mile licm wlme we wiie ul wink When wi 1 lenclusl iL, we louiul 
IluL milk lions m Lite iwiiLir luil been enlnely empLied nl Llicir cimlenls Home ]iniies 
cl gl ns weie luokcu anil Mime < mckciy nml glasswoic weie thrown down niul dmliqycd, 
but Lho Iioiioc, a light fiame building, was mil iiijmisl Tliriu wist IN slun kn lielweeu 
Llio fiibL one anil imdnighL UiaL inghL 

"I do not now icoall any scuous ilomagn clciio in Han MnLeo County Them wme 
home landslides ooconionod along piocipiloub bilk nml ciwk lauikn, lmL llie Ijiilldmgp 
in LhaL soolion wmc nil liatur, and none cl Litem wcio dcslinyisl lo tny knowledgo " 
(J A Oiavae) 

Man Mateo —YibiaLioiu Tioin Llie noilh loi ill seconds l -I It" Califuniv i) 

Redwood City —Tlio oouiL-house wan wioeked and olliei bmklmgs wise dniuagnl 
Tlie aliook Boomed Lo come lioui llieHuuLlicasL and lasLcd .M) hccoiuIs {Redwood Qatctte, 
OpI 31, 1808) 

Mountain View — Bavcnwl eaillu|iuike yet loll Flu womo Ilian LhnL cf I8b0 Hlioek 
fioin uoiUiwcsL Lo aoulhcoal (Alta Cnh/wnm, Ocl 38, 1HIIN ) 

Manta Claia. —Hcvmo Hlioek Motion iiciLhoasl Lo southwest. No w nous damage 
tAlta California, Oct 23, 1808) 

Man Jane — “Tho most Lemblc carLli shook ovci cxpuucnrcd in Lius sccLum sinoe 
Llie scllhunenl or this couuLiy by Aiiieuoaiirt, ociuucil j'esteiilay luoiiimg al 8 o’alnrk. 
A ilcnao log hung ovei Lhc mly at Lhc time, wlion, with aoaioely a piouioiuLoiv Liemoi, 
Lho bliuck wob upon ub m oil its loioc Iluildiiigs and licco nceined Lo pLoli about like 
ships in a sLoim ol soa Fuc walla and chunnayH weie Lbiown down in oil jNirLs of Lho 
eity Tlie heavy buck ooiiuoo of Muiphy's buikbug al Lho coinci of Maikel and Eldo¬ 
rado SLiocLs fell Lo tho giound Tho Piosbytanan Chuich has bublamcd on lminenuo 
domago The buck Luucla aio all down, and Jaigo poiliana or Lius slcaplo wmc pro- 
eipitalcd Lhiu the toof to lho flooi, oiuahmg Llie oigon anil eauauig gioal damage Lo Lho 
galloiy and fixtuies bolow Tho walls of Lho Hteeplo aio aluiouL n tulal wim k and will 
have Lo be taken down 88,000 would not malm good Lho damage dono lo lho rliuioh 
The laige watm-tank an the loof of Moody’s flour mill fell thin Lho rool, euiymg desliuc- 
tion in ita oourao Their wooden atmo-houso, 100 foot in longth, fUlod wllh giam, ib a 
total wieck and tho grun badly mixed Two huge chnnnoyB of tho Son Jobo Tnstitute 
weie thiown down, ono of thorn oruahnig thiu mlo the looms below. A pm Lion of tho 
xear wall of Weloh’a livery otaMo foil Ottei'B unfinished hlook at the coiner of lint 
and St John StiectB, sustained a vaiy seuoua domogc Theie is ncL a buck buildiug 
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ui the city that & not mom or la* mjuied Buck nallh ate cveij whciu wienched anil 
uaokod and many ot them ate lead} to toll Anathu aiioh shock would piccipitalo 
many of out bnok building* to the giound The biiek coinuo ot tho Masonic Hall Build- 
mg will have to bo token down, and the entue building, in its piesent condition, b decid¬ 
edly unsafe toi occupancy A laige quantity ol mockery and glasswaie web bicLcn 
Tlie debituction of plato-glass windows n vciy gicit, and much havoc is done to plastei- 
mg geneially The now couit-house btood the bhock admit ably Some little ciuinMnig 
ot planter dccoiatum n all the damage it untamed The lueson ol the eaith shook is 
Elect no moie high cliuich steeples, and build no moie buck buildings ebovo 2 stones 
m height, and Lhoee only m the most substantial mannei A second but much bghtu 
shock was oxpcnencod at about 10* 80" of the same das, and shoitly theieaftei a Lhird 
shock or like duuoclei " (flan Jose Men. uni, Oct 22, 1868) 

Whac the Milpitas load uohcb Co vote Rivei, the bonkb wcie shaken logothei and 
the uvei-bed filled up (San Jaw Aigus, Oct 24, 1808) 

O/d Qilioif —The building shook and locked till the occupants betamc scssick The 
oscillation seemed to be southwest and northeast, and lasted about >10 wcendii No 
damage was done bevmul home biokrn bottles m tlie diug stoie (Gihoy Advocate, 
Oct 24,1868) 

Bumble piecodmg tho shock came fiom tlie noitli Chimneys fell north end south 
It sres fully as heavy as Lhu shook of 1906, buL iuil bo kmg The old edebo buddings woie 
much damaged (W D Dexter) 

The shock was not so scveie as in 1900 iMessm Rice, C Wanti, Biyanl, Oilman) 
Patkeco — Esciy buck house in town was luinod i Alta California, OcL 22,18b8 ) 
San Joan —The shock, was tlie henvmt since 18h r i Lohted 80 seconds (AUn 
California, Oct 22,1868) No chimneys Ml, 2 buck walls weiu mocked (0 Bigley ) 
Santa Gnu —Howie uliuck hom easL to west, |iu ceded l»y luinbluig noise Taihtcil 
Ifi seconds Hemal buck buildings badly nocked (Altu Cuhloimu, Oil II, lHb81 
Second only to the earthquake ol IH0S Vibiotuiii hum liuitlieasl In souLliwesL lot 40 
to 40 seconds 

At WolboiiYillu clumiievH And |ihs|pimg sulleinl huL liLIle At Eagle Oku n slide 
6U leet wide coined nicks and 1ien« 1,000 led In Hoquel a lew chimneys weie dislo¬ 
cated 

Hoff Moo a Bay to Peeeadao —Chimneys down oi twisted, along the coast (T G 
Phelps, Holdcn'b icpoit 1 

Nasi Pescadeio limbs fell tiom the led woods and laige picocs of lock lolled down the 
mountains (Giast Valley Union, Oct 29, 1868 ) 

Monterey —A smut little earthqu a ke, traveling fiom noith to south No pai ticulai 
damage [Monterey Gazette ) 

DowmeotHe — A slight eaithqueke was felt (Mountain Meumga, Oet 24, 1868) 
Close Valley —Lamps vibmted Vibiationb fiom southwest to northeast (Alta 
Cahjoima, Oct 22-21, 1868 ) 

Nevada City —Thiee distinct shocks telt Also felt at You Bet (Nevada Transcript ) 
Plaeemlle —Shock plainly felt (Mountain Demoent, Oct 24, 1868) 

Amador County —The eaithquoke wns ilistinctly felt at Pine Giovc end Volcano 
l Alta Cahjama, Oet 26, 1868) 

Judean — Earthquake pcioeptible to a nuiabm of people (AmnAm Dispatch, Oet 
24, 1808) 

Relearn —A slight shook Clocks stopt (Folsom. Telegraph, Oet 24, 1868) 

Banem — A slight shock I Alta California, Oet 22, 1808 ) 

Tuolumne —Bhock lasted 10 to 15 weomh Heveie (Tuolumne City Noue, Oet 
23, 1868) 
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SueUmq — Haiti shock No damage (Merced Iletald, Oct 24, ISOS) 

Vino/iq —Shock fell by feu penults (The Delia, Oct 28,1808) 

Neoada —Al Gold Hdl uul Cuison, slioak peiceptiblc to people awake, anil a Teu 
people awakened (Teniluiual Enteipi int, Ocl 22, ISOS) 

The shock wus npiJuniUv noL fell in Ukiah, Yicka, Huu Luts Oh^po, Lon Angeles, 
Reno, Yiiguua City, Alpine County, Yuba County, Tiuuty Couuly, nr (begun 

BUUHVnT 

A irvmw of the facts above piesentnl icgnidmg the cat I In pule ul I8b8 uiaLos tin* 
tallowing siniiinaiy slaleincut ixismIjIp 

1 Tito cullitpiakc of 1808, like Hut of 1000, was duo to an inith-iuovrmcnL on a 
inptuie plane oi shoui sane winch wu* nunifesL at Lite autface as a faulUliace 

2 Tins fault on which the movement look plare was quite dwlincL lioin the Hut 
Vndieas laull 

8 It iwiallels the laltei al a dtsluire of about 1H li uulen to llw mil Llieimt 

4 LikeLlic HaiiAiulicas fault, lL is couiculeuL wiLh an old diahliupluo hue ujioii which 
siniilu uiovoiuonlu luve been lccuiteul m time past 

6 The old dusLiophic linon liuikctl by a degioded liuilt-ararp, which bounds the 
Mdlcy of Ran Yianoisco Ray anil Santa (lain Valley on the uoiLheasL 

0 Along tlm hno Huso bio cm Lai u graiiimphie Icaluies aunloguus to Ilium whmli 
cliBiaeteiiae tho Bau Antheas Rift 

7 The faullrtiaoo of llui fault of 1808 was much hhorter Lluu that ol 1000, luving 
a known length of only 20 nulm 

8 The aiuouni of lioiuanlal movement, if any, was niuili le** Hum on tlui Han 
Amlnw fault u 1000, and its diieobon w unknown 

0 Tho vertical movement apjieaiH Iruin (lie net mints given In havi luvn miuill ulao, 
mul to luve Ikhh iiioiiiIchL hs a dowiitlnow on Hie suiilhwisl oi luy hide, ullho I his u 
uul haliHfaotouly HjdJIshcd. 

LO Tho faullrliace was ehaioetensisl for the hkmL |ui( by a mark which In placen, 
IMitieulaily on tlui lowci gicuucl, was su|Kulieinlly gaping Awirlaled wiLli Hub mam 
maek llicro wue auxiluiy blanching cmrka; and on tlio alluvial bollom-lauda about 
San Fibuqiboo Bay Iliac wcio numerous secondary oraokn which wore umially not du¬ 
el uiiinalod by tho ohaoivms of that day fioni tho faulL-Lraoo 
11. In hannony with tho shoilnoB of Ilia faullrtiaoe and tlm small iiiovcsncnL np- 
luient along it, tho aioa of dosliurtivo elteol was muoh nnoller Ilian in the caao of tho 
caithquoke of 1000 Thu was tiuo also of tho entire aica amlnacod by tho naadsmal 
II R P While tho data an inaufDciont foi plotting tho lsoadsinala satiafactonly, it u 
Dflverthclca cloar that thaw ouivcs plotlod as ellipses on the map ol Califonua would 
have had nrnoh shot ter major anas than m tho oaso of the isouciainala for the 
of 1000, while the minm uob in a noithcastraouthwcal direction would not dlfler giaatly 
foi the taro eaithquakea Wo have no authentic icpoils of the eaiLhquake north of 
Chico nm south of Monteioy, oltho perceptible Licmcn piobaUy did extend furtha 
Bouth On the othor hand, in a dirootion noimal to the fault-tiaco tho oailhrwave made 
itself felt as far as the State of Nevada 
12 The intensity was X in the vicinity of the foult-tiaoe at Haywaids 
18. In San Fianouoo tho chief damage cauaod by the earthquake wsa, as in 1000, an 
the made land and along tho margin of the old dram and marsh bolder But little 
damage was sustained fay abuetums an the rocky dopes 
14 The foot of Market Street, San Trsnoiaco, Is about midway between the San 
Andieaa Rift and tho fault-warp upon which movement oceuned in 1808 The city 
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has, thciotoio, lo icckon with tlui lotlei os welL as tho fomici in its tutuic caicoi, mul 
eonfaO|Uuitlv should be doubly pimlent In Iho location ami sliucluie ot ils inipoitaiil 
buildings 

15 The cities on Llic oast side oF San Fiaiiiisco Bay aic loss concerned with ilie San 
Amheas Rift, but aie mote iminarhah.ly nitcclcd b} the pic\inuty ot Lhc duisLiuphic 
line maikcd bj (lie lionl of the lange oL the Bcikclcy Hilb. 

10 The lnluvnl between the diusLioiis nummont oE 1857 on Lhe San Andicau Bill 
ami tho movement on tlu linywauls bull in lSb 8 was 11 ytnis. 


THE EARTHQUAKE OP 1865 

About l/ 45 " riijon Octoboi 8 , 1805 , a model alely soi cic earthquake bhook uuddlc 
Calitoima Must ol oui infoituition icgauling it is assomhlod in Holden's Catalogue 
of Earthquakes In lhc Saci amenta Daily Union of Hut dale it 11 dnciibod ns the 
mosL vinleul cvci cxpci irnccd llicic Atlci sot oral uhiuliuns a second 01 Lwo mtci- 
veiicd, mil the shaking was Llu.11 lcioalrd mon uclrntly than at hisl. The ubiaLmis 
bPtiued lo be oosL and west, buL a kvr people (liuiighl Lhi} wise 1 10111 soulliwcsL lo 
northeast (flocks stop!, ami tluir was a genual tmling ol dullness and nausaa Tin 
same palm stalls Hint at SLocktun the fJmck was heavy niul sixmul lo pais tioni 1101 th 
Lo south, but thill 110 damage was dmii) At PHoliuna tlicic wine Lwo scuic shocks in 
quick bucccsMim, ubiatiug hem noilhwusL lo boulheast The shock was the lieauesL 
expci lanced up lo th.iL time All Imck buildings wrcic moicoi Insinjuicd Tho fiiM. 
shock was I10111 Ihr ncjiLliwcsL lo Llic suulhcail, (allowed by a genual shaking 01 lolling, 
closing with n jerk At Sun Jim Lhc shock was voiy severe- Bnck walk Idl and tlu< 
LonveuL bell lolled At New Alniadun a loigc biuk sIoio-Iiouhc on Lhe hill was ncoily 
deinolishl flcicial houses in (lie village wcu U11 own down The caiLli oiuiucd and 
elosoiL ngain Chimneys 111 dillcicnl jwils ol ihc county weir lluowu down (Afam 
Fiant isoj Bulletin, OcL iJ, 1805 ) 

Al Wilsonvillc llieiu was a heavy slim k Tin* laith oimml 111 seveial places (heumd- 
111 v (1 >ieks), Liu owing up wall 1 At Simla C'iu/ the sliwk w is .ippaienlly lic.n lei tluui 
clscwhcic fiveiv buck building was minuted luineil Tlu niuLicn wus appaicuLly 
eai>L aiul west Tin* lowlands along Ltu. nvci opened and spouted walui like gcysois 
Some wells wunL ill} 01 wue filled with sand Tlu tide 10* veiy high al Lhe lima ol 
the shock and lull verv lew liiiinuhiilely alLciwaids [Bulletin, Oct 9,1805 ) 
"MoiitciC} cscaiml unliaimed " (Sauamenla Daily Umon, Oct 9 , 1805 ) 

Aflci shocks wuil icpoilcd al San Juso, Santa Claia, mid Snnla Ciiu 
Tlu ic is nc lecuul ol Lhe shock having been felt at Uniysulle, Yieka, Euicka, 01 111 
Alpine Count}, IhL Mountain Ah*wigm of Oolobei II, 1805, stalee that il was nol 
felt al Visalia not m Los Angeles Tlu Bulletin oE Octalici 17,1805, states that il won 
not Tell 111 Santa Bn lima 

In San Fmncisco, accenting to Lhe Buttctin of the dale of the eailhquake, theie was a 
violent shock lasLing aluiul 5 seconds, tdlowed almost inslanll} by unothei much hcavioi 
shock, wlm h continued r»r 10 sounds ni mcic YibtaLions appealed to be noailv oast 
and wist, hul some expuicneod obseivcis soul that Lhc mevement was in tho same 
direction as piLYious shades — neatly noilhoosL and suuthwiat The eommencoment 
of the shock wua aoeonipanied by a lumMmg sound Duiing the Following mening theie 
were two 01 thu c slight oTlci-eliocks Tho eftucts cE the earthquake weic visible m ovei} 
stieet No buildings weic onluely demohaht, but the damage aggicgated many thou¬ 
sands of dollais Tho most important damage to buildings oceuued at Iho following 
localities 
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On llic niiiihi lands iu Liu* ucmilv «1 Ilawiud ami Kcvcnlli KLiccls Llic gi mind u.is 
lii'ti\ r c«l in some places nnd Milk in nlhcis rAiuiHjiosLs acid (In own ouLuL iwipcndit- 
iil.ii, gas-pipes weie hmk.cn, clr 

Tl appciuh pi nl Nil ilc fiom lliese scant ictiiuls I lull I lie mill ill llic rnilluiunki 1 nr IKIi r > 
was siiniLwlu ip in Liu Hun I a Ci Ui Mountains, lulivccii Kan .Tom* mul Kuil.i C'nu ll 
l ln& conclusion 1 m> mxi'plod, iL seems l ml hr i picbulilc, in llic ligliL or icrcnl mills, lli.il 
il wdb flue lo a minni ino\ ennui along the Kiui Andieus LtilL IL wus pioliulily s snnu - 
ulint less sevoic cailkiiuako llun iliul o( ISliS Tlio caiLli nunoiucul wlucJi gnvo use 
to I ho slinik cslemlcd ncillici so fm Kiulli ita in IRA? nci m lai ninth on in 100U, lniL 
appeals Lo lmvc [ici Lamed 1c that jiuilion ol Llio llifl nllcolcil m IfNHl lallici limn in 
Hint alloc Led in 1857 

Tlui only eLhci cailluiuakp which ran ilcliiulcls lx. iclinrod lo a iiiMveiurnl uliuig llu* 
Sail Am lions liifl wiu llial ct Apnl 21,180(1, ulncli, acronhng lo Misms ]? Aliliy mul 
Cluulcs liigloy, cl Ran Juim, opaned a fisMiio at llial place on llic lino cl Llio Hift The 
i.uluny bmlgc al Cliillondcti was displaced, as il was in 100(1 
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Inlniinnlinn lcguidiiig Llic millii|Uiik( cf 1857 n nrnnL anil gpnanlly uiisolisluiluiy 
as Ln rlclails Caliloima al llutl datu wus vuiy spaiscly populated, (milieu lady 111 llu 
MiuUicin Const Ranges, whoic Llic seal ol Llio disluilxuior ivns Tlu* only ircmils dial 
luivo come down La us me LIum 1 nl Tinsk, mLlirPicrcciliutyi of Lite ('.ihliuiua Anulcmv 
nl Ken uccs, Vol 1,1H7J, nnnlebyJ H IlilU , lmlus"Rc-ouM , csol Culilmtua, 11 J80d,p IJ, 
and some noloH 111 llnltlon'h ((.ilnlngiic ol KulluiuakcH Tlmse Imel iniLcs me Mippli*- 
monlcd liy llio blalciuciils nl a lew old resuhnits wlin lecall Llic event, some ol whom 
weio 111 tlui none or u ule dislui Unite al the Linio Hie ilal <v, while insiidu lent Ini a hulls- 
laoLoiy account cf the esilluiuake, wmiaiil Llic hlalcuu nl lluil il wits due In a displace¬ 
ment 01 fault 111 llu 1 Hnu Andiccs Hid, along Ms extent 1 111111 I'hulmiu Valle) In llu* Kan 
lleiiiaidina Valley, a dislannc 1 if almiiL 23R luilih 

Auaiding lo l)i Kaiiluuiks, who Inis me nlly horn over llu* uniine ul Die liifL in the 
houLlicin CnasL Ranges, llic icMdeiits along llial line linve citliei vny vivid liinllcclion 
01 \ci\ sluing liiubluiii irgmdmg llu* nipliiiuig id the gnmiul al llic* lime oT (he cailh- 
ipiako, mul L)i I^nilurnks' held nlisei vnlunis rcufuin llic innlmhli* Imlh ol llien hlale- 
manls It appem s Ic have been genci all) iei ogiuxcd lrv people fuimlmi wil li llic mhiIIutii 
G oasl Ranges llial Llu sliock mas duo In 01 nvsxialrd with the mpLuie ol Llu* ginuud, 
mid llic lino of mpLuie is commonly lelcuotl Ic liy Urn counliy iMstpli* as llic "coith- 
quako clock " Tins ciack, as opened in 1857, with dillcicnUal disiilnreiueiil oL unknown 
extent nnd duooLien, is still pouileil oul as a lemmkahlo plieuonu'unn liom Cholamc 
Volley Ftouthcnslwaui along the noilhcasl Bide of Llic Canssa Plain, Llucugh tho To]on 
Pass, thence along tlic souLhwml adc ct Lho Mojase Dcseil, pul Juke Ehaaboth and 
Palnulalc, lo lho (liinn Poks ami thence to Llic south sule nl Llic Hun Doinnuluio Range 
The shock wa* Tell lioui FciL Yuma Lo Sacianieiilo, mul llu* LoLal area nuiihibly alluclod 
waa piohably net much less lhan m llic eaitluiuako ol 1906 ll mas scveio boLh at Lob 
Angpdea and Ran Fianci&co AL Lob Angelos ahocla continued al inlcrvolb dunng the 

9b 
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L50 

(lay Mi H D Baiiowh, aim woe in that rity on Lhc ilav or the Laitlifpiakr, in a IrLIri 
dated August 5, 1000, communicate* the loUowmg infoimatinn u to hi* exponent rs 

The gieat eaithquilre of Janunn B, 1S57, u southern Calitoima opened the giound foi 
neatly 40 miles in n *tinight line neat Elisabeth LnLe I hurt a hiiel nununt of it in I lip 
fta n Ftuhtiten Bvlht in about Febiuoi) 1, 1857 — m\ lettei lsigned “ OI>*ci\adoi"l 
boingdntoil Jinuaty 28,1867 

Onlj onp life a is lo*t In LhaL meat oon\ ul*ion ot natuie, a wninnn baing killed nt Foil 
Tejon by the felling ot 'idobe anil*, and, oonwleung the colossal di*tuibanco, ieij little 
damage wa* done lo buildings hnein Los Angeln Thi* i* piubably arrounteri foi b) the 
fact that oui buildings weic of onl) one*loiv,aithwalh2 5anil3teetlhicL At I he lime of 
the gloat upborn ll, I was in the ysid at the south side ot the ulohe house of William Wolf- 
skiliTthc pioneei, ncu the piesent site of the Aicarta Depot in Lo& Angele* 1 hi*t stumbled 
tawnid t he west, and wa* almost lhi own down, then, altei a bnet penod, I rominencod to 
stumble in the oppo*ite dueoLion Other peisons neai me stumbled m similai fn*Iii(in 
Tho long wide oouuloi on the souLh *ide of liie Wollskill hou*e was hung with gi ape*, and 1 
notioed that they swung bocL and foitb clem up to the lattei* Walei m tanka wa* llnow n 
out in numeioua insLuuea, olucks weie atopt, etc The movemenL seemed to be com- 
puatively slon, gn mg things ume to lerovei aftei moiing in one dueetion If the motion 
nad been ahoiL and audden, the damnge would hmo been nppnlluig 1 

All the houses m Santa Baibaiawao damaged by the shook of ll*20"p m , JanuaivR 
(Peuy, Holden’s Catalogue) 

At Visalia il was difficult to stand moot, tieatop* waml sovuial feet lo ami lio, it 
was equally nvue at [daces within 60 miles nmlh and south Theie wcie so vein] 
shocks toll at Stockton and Benson's Eeny, and thi- pnncipal one was veiv weir al. 
Raeiainrnto, Los Angrles, and MoiiUip) l San banrtva Bulletin, Jnu 0, 1Wi7) 

.U San FinnLi-M'o Die main stark wax piccedcrl hj 4 slight shocks al ll k 2ft" i* m , 
Jaiwai} 8, ll h 33", 4 fe Iff*, anil 7 fe v if, Jarnni y 0 The main shock stopl a jewelri's 
clock aL 8* Iff* SO* \ m Piol Geoigp Davidson, who wa* in the city at Lhe time, sa>s 
the stack was midden anil shnip, pieoeded fay no nose Hie was l}ing nmth and south, 
and felt Lta movement in that ihieeLian A fiirml who was lying east ami wenl was 
thiown out of tad 

Fiofcssoi Da\ulson also contiibulc* the following 

The wholesale gioroi> stoie of Goodwin Biothei* facod eusl nn Dnfleiv oi Finnl Rl icel, 
with its length of about 100 feet on Canuneicul Stiaeb It wa* a 1-stniy buck sliurluie 
olioul 16 feet high, with a flat metallic loof and i hie-woll of 3 oi 4 feet above and around 
the toof Thcio woio no window* noi dooi* on Conimeirinl Sueet The file wall along Oom- 
meiLial Kticet won thiown bodily bum tho mom stiurtuic into lhe stieet The innci edge 
ot the hi irks was a sLi ugh! line, al a moasuiert disianco ot 6 tcet hom the base of the wall, 
while lhe sencial me** was seal tcied or loss fninmoirial Rlieet In Lhe hairiwmo estabhsh- 
ment ol Philip T bouthwoith, along the wcsL sale nt tlie east wall, tlieie was a Imp of nail 
kegs, ovmy one exactly 12 inrhc* nnm flip hnsebnanl Befoie the shock the) hod been 
placed close Lo the basoboud These two conditions would indicate a movameiil of tho 
eaith fiom the noilliwnid and webLwmd — ioughl), fiom the noith-noithwrestwaid I 
do not lemembai damages to olhei buildings, but am satisfied tbeie woie no seiious lesult* 
to piopeily Ymong muior details were the effects of the shock upon one of (he piled 
whones, wheie a lot of hu-buoys hod been left The) had been tolled about in esei) 
duocLion 

The tollowing noto on some of the offccts of the hbock m vaiioua put* of tta state i* 
cxLiactod fiom Hittel'o "Reaouioes of Golifaniu," 1803, p 42 

The wateia of the Mokulumne River wen thiown upon the tank, almost leaving tta hert 
bate m one piece Tlie ounent of the Kent Bivei wu turned up at ream, and tta waters 
ran 4 feet deep ovei lta bank Tta water of Lake Tulaie wu thrown upon its shorn, and the 
Lae Angelo* Rrvei was flung out of its bed In Santo Clan Valle) artesian wells weie much 

1 Lna Vngdcs la about SO mita Bom the line ot tha Rift ACL 


(«l lilt'Ml (SON WIIII (Mill It hi VLItl l.MiniQU VKlih IN h VMI 1IK.IDN ], r )L 

■illprlcd, bomr reined In mn nnd nllipis h.ul an ini leased supplv of natei Npiu Sim 
Fernando a luifce slicdin nl walpi « is Imintl iuiiuiua fiom the muuiiliiins, whrie Iheic li.ul 
Imennnnclioloic In Sim Dirumiiiiliil Sim l' , i'iiniiidnspvpiul linusp* writ- (luuwudnwn, anil 
at Snn Hurnaienlma (he mniI nl (he Mismuii Chun Ii tell iii Hi vend new spini^* wpip 
fnimoil npai Sun In Hailmit In llu 1 him (! ilmcl Vnlli \ l ho c iilli n|icii((l in 11 gap spspinl 
mill's Iona, mill in mic pldi e tin* urn iIpppiIpi! Hi mk ipiiI liul .iiul fcilluwod llus new ojjpuuig 
In (he volley ul (lu Simla CI111.1 Hu pi time weio huge 1 links in l 1m pnith \ Iniup fissuic 
nns made m lire weslpin pnil nl llio (min nf Snu 1 -kiimi«liiin At Foil Tpjiiii iTip slunk 
llnow down ncmly ull IiuiIiIiiirs, Minjil nit huge Iipps ilnsp to I lip ginunil, mill mvilhiew 
otlipis, teniiug limn up In llir units Ii nlso (nip Hip pnilli n|mit 111 n fissuip 20 Ipp( mdn 
and 40 nulps long, I In* ships or nhuli mill llipn 1111110 lugpllui with sn much vuiIpiipp (lint 
tlice.ii III wasloucd up 111 a 1 uIhp lOlcct nuk* anil sevriul loci IiikIi At Heed's iniipli, mil 
tai horn Pint Tcjnn, a luiuso wiih tin own clou 11 uiul a winuiui 111 it nns killed 

The must iiilciehlnig lael PounecleH wilh llu* pniLluiiutko nf 18fi7 is UniL il was Hue Ui 
an oftilli niovpnipiit 011 (lie uune Hiasliopine luu* as ihal on ulueli faulting mciuipd 
on Apul 18,10Of> The niovonicnl 111 1857 was, puralunlly spenkmg, along llu* souLliciii 
hall of Ihc known c\Leul of Iho Man Andicnh Hill, whilo that ol lfMK> ivas along lira 
noithcin halt 
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PART I 

PHENOMENA OF THE MEOASEKMIO BEGflON 




THE CALIFORNIA EARTHQUAKE OF APRIL IS, 1906. 


Till TIKE AMD QBI&IR OF THE SHOCK. 


The fact that the California eaithquake of Apiil 18,1006, ooouiied a lUtla after 5 a v, 
befoie people u genetil weie up, n one oauso why we have eo little reliable information 
regaiding the eaaet tune at which it oeeuired. In anewei to queetuma Bent out by the 
Earthquake Commneion, a very large numbei of replies were rocarved, but it ia quite 
evident, from the venations among them and horn the foot that many only gave the 
tune to minutes, that them times ate very uuoliable The general dmonptlons show 

that thn nnrtJupialrn hpgnn with ft fail ly wtinmg wwiwwinnt yhmli «mtimiwil with lnmn—ing 

strength fin an mterval variously estimated, hut which nelly amounted to about half a 
minute, thoi vay violent ebooks oocuned, and quiotwns restoied about 8 minutes lator 
Prof George Davidson mlnfayotlo Partisan Fianmaco, marked tune from the begin¬ 
ning of the shook, which ho places at 6 k 12“ OOP Ho noticed hard Bhoakn unisl 6 k 18“ 
OOP, a slight demesse to fi 11 18“ 30P, and quiot agam about 6^ 14“ 80P. 1 

Prof Alexander MeAriie, m chaige of the Weather Bureau oQioo at San Fiazunsoo, 
wrote as follows to Profcesoi Inwson under date of Soptombor 8,1007 

I have lookt up the leeord m my note-book made on April IB, 1006, while the earthquake 
was still perceptible I find the entry "5* IT 1 " and after that "Seven lasted nearly 40 
BBOondsL" Asl now remember it the portion "severe, eta," was entered immediately after 


The time given is aeoarding to my wateh. On Tuesday: April 17, 1006, my error was 
"1 minute dew" at noon by tune-ball, oi tune signals which were received m Weather 
Bunn and with whioh my wateh has own oomparad for a number of yean. The rate of 
my wateh was S leaoiids loie per day, therefore the oorrootod tune of my entry fa 6* 18“ 05P 
a m Thu of course u not the beginning of the quake. I would ieay perhaps that 6 or 
mom reeondi may have al a pesd between the aet of waking, realising, and looking at the 
wateh and making the entry I romembor distinctly getting the minute-hand’s position, 
previous to the most vidlant portion of the shook. Tnn end of the shook I dia not get 
exactly, as I was watolling the SBeond-hand and the end earns sevural essends before I fuUy 
took m the foot that the motion had oeased The aeeand-haiid wee somewhere between 40 


and 80 when I realimd this. I lost the position of the sseond-hand beoaoes of ddfleulty m 
keeping my feet, somewhere aiound the ‘HO nonnnri mark 


and have a record of the Gharleeton 
My eustom is to sleep with my wstol 
also a hand elaotno tareh Thaos a 




harieeton warfjMpiahi, made while the "■«*■«" was still going on 
mywateh open, note-book open at the data, and paned reedy— 
There ire laid out m regular order—tareh, wateh, book and 


Referring to the feet that hu tune is shout a minute later than that given by other 
observers, ho adds' 

However, there is ona uncertainty, I may have read my wateh wrong I have no reason 
to think I did, bat I know bom experiment such there an poroble. * * * I have the 
oxigmil entities untimahsd the they were mode 

1 TTii ttms Is |tnm m rsdfln risnitsnl time II hums sins nf flireweMi inssn Bine 
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Pi of A 0 Leu&chnei, diracioi of the Student* 1 AbUonomical Obseivatoiy of the 
Unneisity of California, Beikdey, give* the following account at the shook as obscived 
by hia staff in the neighboihood at the Obecivatoiy 

The only leluble leeoid ot tfao commencement of the ieeble motion was aeouiert by 
Di 8 Albiechl and given hr him aa 5 L 12" QB, P S T Di B L Newkuk, on the othei 
liand, was the only obci\ei who took pain* to note the laat sensible motion, foi which he 
giveB B k IV 1 IT The total dotation milling liom these obrenations n 85 aeoonda This 
u poanblv not mote than fi m eitoi 

Accoiding to my own obaeivitione, the eaitliiiuaka conwsted of two main poitiona 
They aie based on counting seconds while untying my small childien out ol the house 
The enithquaLe came audilenh and gradually worked up to a maximum, which censed moie 
obiuptly than it commenced Hub [that put] luted toi about 40 seconds and was followed 
by a compuahve lull, which ana estimated at about 10 seconds The vibiationa then 
continued with lenewed vinoi, leaching a gieatei intensity than befoie and lutnuling aftei 
about 25 aeeunda Aceoiumg to them ntunatu the total dotation ot the dietuibanoe woe 
75 seeondk It howevei, safe to nenune that I counted seconds too lapully in the excite¬ 
ment of the moment and this duiatum may easily ha 10 uconrle tuo long The total 
duiatian ot the sensible motion at Bei kele> mu piobably dam to Off mcondb Di Albiecht 
lepoite that while he obeeived uveial eevme shocks, the utiougest ocouned about JO to 
40 seconds aftei the beginning 

The mean time dook ol the obcrvatoiy atqpt at B k 13" 39% P S T 

Piat T J J Seo, in chnige ot the Naval Ob^CLvatoiy on Mate Maud, San Pablo Bay, 
lepoita 

I hod been deeping downstairs, lying with head to on open window, which faced the 
south, and as the house was not sen cully endangmed at any time I was favoiably situated 
toi making caieful observations ot the entne diatuihance I had bean awake soma timo 
beloie the eaithquaka began and, aa eveiythmg was voiy quiet, easily felt and immediately 
lecogmaed the beginning of tiu> piohminaiy -hemois It conuietad in an excesauely slight 
movement ol the pound, which I eompaied to the gentle lustlmg ot a leaf in a quint forest, 
and then the tiemoii pew steadily, but somewhat slowly, becoming padually htiongei and 
ahonger, until the poweiful dioekn began, whieh became so violent aa to exoito aloim 
Then duiatum waa unexpectedly long, about 40 ——i«. aceoiding to MhmAtn mml« at 
the tuna, and Urn subudmg tiemore then began It waa juat light and I oould aea the clock 
face, ana I noticed that at the bapnmng the collected reading was about fi k 11", and at the 
and about fl k 14" BfF, md that the total duiation of the Hahnimiwi mnlnHmg the faint 
tremors waa about 8 minutea 90 aeoonda The piekminary tiemoia occupied a littlo ovei 
a mmute, the violent ahoeka about 40 seconds, and the Anal tremoia about a minuto and a 
half 

Tie exact lime 01 lie phenomenon — This wan found by the stopping of two of the four 
aataonomical clooks at the Obwivatoiy The violent ahocks weie so extieme that the 
penduhimi were thiown oven the ledges which entry the indmc for lepstaung the a m phtuHn 
of the iwing The Btandard mean time thui automatically leooided was by the mean tune 
transmittal, fl k 18"87‘, by the udeieal (dock, fl k 12" 8V The yard dock at the gate, which 
u amply an offioa doolq though electucally collected from the Obeervatoiy daily, and 
thaiefme appiozimately collect, mve the tune oa ff k 12™ S3 1 The apeement of all these 
dooka in veiy good, but I think the beat tune u the moan ef the two aitaonomicel clocks, 
via IP 12" 88* I estimate that the eiroi of this tame will not exceed about 1 reeond It 
must ha lemembeied that the puiluninaiy tremoie befoie the violent AnnVm began could 
tend to demnga the motions of the pendulums, and they might separate, tho the effect 
would piobably be slight because the tiemoii weie not violent It u probable that both 
pendulums ware hung up at the fiiat poweiful diode, but as one cloak u l and the 
othai mean time, theie in no aaauianea or even probability that the pendulums would be in 
the same relative pontion at the time of the aimol of the wave which gave the powuful 
■hock If the pendulums ware not m the name relative parti of fhau beats, the chanoea ora 
that one woulabe hung fiat at least a second before the other. Now it waa observed that 
the pendulum of the mean time clock was hung fast on the went ode of ite are of oscillation, 
while the pendulum of the sidereal clock won Rung fait on the east ode Both p^HiiinmM 
■wing in tne plane of the piime vertical The difference in the time dunm by the two elooki 
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ia probably due theiefon to alight rieiangemanlB by the pioliminaiy fchoeks, oiul to the in¬ 
stantaneous poatioiu of the pendulumo, whidi enabled one to he hang last a second 01 mote 
befoio the otlici, but I think the mean tune heie idoptcd is likely to bo coireol within 1 
second 

Ur J D Mnddull, in cliaige ot sciBmogiaphs anil cni thqunko tepoils at lack Obscrvo- 
toit, Mount Hamilton, topoih the bcgiuiung ol the shock time, as llie lesult of scvmnl 
obseuations, as 5 h 12™ 1? Hi R Q Aitken tamed the heavy shock at Q h 12" 1(7, whu,h 
coi icsponds exactly with tho slai ting of tho Ewing lliicr-componcnt si ismoginph 

On compel mg these actountb, we notice thill Fiotosoi See alone, prolvililv on neoount 
ol hu unusually favoioble situation, obsoued a veiy slight movement between tf 1 11" 
and 5 h 12", and soon altawaida Lhc violent sharks began, which ooticspand to the 
beginning noticed b> PioIcsmi Davidson, Piolrasoi McAdic, Di Allnerht, and the Link 
obseivcis, thn paiL ol tho distui bonce was voiy strong, llio much lighlei than the 
veiy violent shocks which occunod lalm Wc shall lafci to it na the bequinimj qf the 
shock, looking upon tho cailici, cxtiemdy slight iiiovoment obsei vecl by Piofessoi Meo tin a 
pioliminaiy moiomeut Di Albiccht topoils tho hraiicbt shock at 30 oi 40 seconds 
aitei the beginning, Mi Aitkcn is conoboiatcd by the staikng of the soismogiaph at 
Lick Obsoi\ataxy ui pulling tho henvy shook at 5 h 12" 417, is, 33 hcconds olUn the 
bagmiung, and the most tellable clockb that wise stopt agioe in nulioaliiig a similar 
intci val between the beginning and tho shock that stopt them Af> pomtad out by Plof 
C F Mai \ in, 1 the cudcntc is convincing Out Lho clocks m geneial wcio stopt by the 
violent shock, which oocuiicd about a half minute aftn Llie beginning, and was alone 
strong enough to aQcat seismogiaphs at distant obbnv&Loiics 

THE HEBUNUG OF 1KB SHOCK 

The majoiity of the rapoiIs as to the bine ot the beginning of tho aliopk ai e only loughly 
approximate, but wo foilunaldy have font \eiy ldudilc olisoivnUons, all of which aio 
given by astianomcib, who me accusLomod to aecuiato oslIinaLce of small intervals ol 

t.llWtt 

Fust, 8an Fianoisco Piof Qcoigo Davidson gives the timo as .1*12 1 " 00" ± 2 sobonda, 
Paaflo Stendud Time, which is 8 hams slow of Cheenwieh Mean Tune Mr Van Oiclin, 
who hod a btop-watch, gnes tho timo as 5 h 12" 1(7, his wateli was set two clays befoio 
the emthquake and hie timo n not w leliaUo os thaL of Profissoi Davidson Prolcssor 
MaAdie'r time may bo looked upon as aonfiiniing Piolossoi Davidson's, all Llio lduihla 
obseivalions, os well as the ichaUe stojil docks, malm it absolutely rntain that the 
ahock began about 5 h 12" and we must assume that Prof&uai McAiko, suddenly awak¬ 
ened by a btiong eaithquake, mode an ciior in leading tho minute-hand of his watch, an 
emu whiah u veiy eaoy Lo make; oi that ho appliod the approximate con action and wiolo 
downthe collected tamo We shall accept Piofomoi Davidson's tamo as the mast aeourale 
obtainable far ttan Fnnoueo 

Second, Students' Observatoiy, Beikeley Di S Albieoht, 5^ 12" 0(7 

Thud, lock Obseivotaiy, Mount Hamilton The remit of tho ohacivabonB of aevctal 
aatzonomen, 5 h 12" 12f 

Fourth, Intel nataonol Latitude Station, Ulaah Pinf S M Townley, 5 h 12" 17" 
ProfcBBor Townley had been at work veiy lato the piovioua night and was deeping soundly 
when he wib awakened by tho earthquake He mmediatdy orou and went to the 
window and took the tame of lue watoh, which when collected bon-mw p 12^ 87 
ProfaBBar Townley estimates that 10 seconds may have depsed fiom his lint awakening 
and hie leading of the watch, aud it may have taken 5 eeoondB foi the dutuzbeneeB 

. '..Pinftaaor Mamn'i Prnliminan Baport to tho Oonmbrion on the Stopt Oloohr boo bom drawn upon 
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to awaken him, and therefore that the time of the amvil was fi* 12“ 17” Thu time n 
far Ira acouiate than the othas but ncatemly not more than a few eeoonds wrong end h 
important in esbmsting the ougin of the shock on account 
r Q I at the location of Uluah with respeot to the athei stations 

■eo =- °u Hue will he readily aean on leianing to map No 28 and 

E_ to fig 1, m which the long vertical hne represents the 

: taufr, and the pomtions of stations with lespeot to it are 

i4o — shown 


There sre^ than, only foin observations which should be 
taken into account in estimating the pontum of the cen¬ 
trum, whioh, we may sasume, lies somewhere in tfao 
apparently vertical plane of the fault The question 
aiues whethei the shp took place at vanous puts of 
the lault sunultaneoualy, or, whether it oociured flint ovm 
a limited area, and the stress, bang relieved here, in¬ 
creased at other places, and thus the roptuiespi end along 
the fault, in both directions, at a rate piobably somewhat 
less than that of the propaption of elastic waves of com¬ 
pression In the first case the movement would have 


been propagated at right angles to the fault, and would 
have arrived at the various stations after intervals of 



time proportional to their riwtannca from the fault-line 
Taking our angm of tune at 5 h 17” 00” we have the 
followmg data (where the ft are the times of emval 
attar fit IP 00”, and the (Pa are the distances from the 
fault-line) San Fianosoo, — 0 seconds, d x — IS km , 
Berkeley, f, —8 p d a - 29, If aunt Hamilton, £ —12, - 

38 7, Dinah, {*-17, — 420 (These dutanore are 

determined ham the maps end era not taken horn fig 1, 
where th« fault u represented as perfectly straight) 

If we attempt from these data to determine the most 
probable value of the velocity and of the tone of oocur- 
lenee by the method of least squares, we find a velocity 
of 18 km /sec and a tone of 5 h 11" 62 fi”, with euom 
of-09, + 25, -08, -10 seconds for the stations in the 
order given above, the sum of the squares of the emus 
is 8 8, the positive sign indicates that the observed times 
were too only, and mas me The mall velocity calcu¬ 
lated is quite madnuesihle, and we therefore try the other 
alternative to Bee if it does not yield better results We 


z_ may conaidwr that wo have four unknown quantities to 

f he determined, the tune of the shook, the distance of the 

-eo T* l| l |l,| l ||,| l ,||| lti l, l il *j- centrum measured slang the fault-line from a given point 
j MH of referaice, its depth below the surface, and the rate of 
*om) ,(^.1 propagation Four observations are sufficient to deter- 
31 mine thaee four quantities, but the oheervatome we have 

■ 3o lead to nnpaseible resuhn, which may be seen by a general 
4 bt . comparison of the positions of the stations and the times 

observed at them For evidently there n no point on 
the fuh-hne eo situated that the difference of the distances from tt of Bafcdey and 
San nemrisoo n half the drifowoe of the dataneee from It of Mount Hamilton end 




THE HUB AND OBIQIN OF THE SHOOK 


7 


San Fundsoo, and one-thud the diffcieneoof fhodatanom of Ukiah and San Franelaoo, 
which shorn that the obmvatiom are not aeouiato enough to mako an exnct dotennina- 
tion of the unknown quantities possible Wo aie led therefore to assume a late of pidp- 
agation, and by tiial to And the plaeo on tho fault-plane which will aocoid boat with 
the obseivataona, that is, wluoh will make tho sum of the equates of tho eiion least 
In tho neigfrbaihood of an oaithquake origin, the pudiininuy tionion, the aocond phaao, 
and tho long waves (which will be deaonbod fuithor on) aic not aopaiately distinguish¬ 
able, and there are very few and unsatisfactory obboivationa icgaiding the late at 
whidi the diatui banco ia propagated 

PiofoBBor Imamuia 1 calculates tho volooity aa 7 5 km /aeo from observations at Tokyo 
of aaithquakea at an aveiago of 670 km, the greatest distance being 

leas than 1,800 km Coi responding obeorvations at Osaka give a velocity of 7 B km./seo 
for an avenge « Ktni»n of 702 km, but they are randarod unreliable on account of the 
pom dock at that station By the difference method, that fa, by dividing the difference 
of the distance from the ongm of two stations by the diffeience of time of arrival at 
thorn, he an average velocity of 121 km./seo, the stations ranging m distabee 
between 284 snd 1,286 km from tho origin From obravationa at Tokyo and Miausawa 
ho A"* by a sirmlsi method an avengo vdodty of B 6 km /aeo. for an aveiago distance 
of 622 km from tho origin, and 12 4 km /aeo. lor an average of 084 km 

Professor Oman 1 finds fai the vdoeity of two outhquakes between Taiehu, near 
their oiigin m Foimoea, and Tokyo, a distance of 1,620 km, 6.13 km /aeo and 6 76 
km /aeo, rospectzvdy Tokyo ia 1,710 km from the ongm and Taiehu 80 km In the 
Hist caeo the tuna at Taiehu was determined fry a chionometoi watch, hi tho second 
horn the sdsmognun; m both cases the Tokyo timo was determined from the eanmogiania 

Piofassor Credner 1 finds fry the difference m time of arrival at Lnpaig and Gottingen 
of tiro ■■"■n earthquakes whoo enigma woie about 100 km south of Letpdg, a vdoeity 
of 5 0 km /seo Gottingen ia about 200 km. from tho ongm 

PiofoBsor Biwff 4 from observations of tho Oalabnan earthquake of 1006 at two star 
tions, Naamii and Catania, distant 84 and 174 km, respectively, from tho eploentrum, 
finds a surface vdoeity of 6 0 km /an ; this supposes the centrum at the aurfaoe, a 
deeper oentnim would give a abghfly amaDer vdodty Tho tondancy ia dwaya to obtain 
too low a value for the vdlodty The strongest dnturbance doas not usually occur at the 
very beginning of tho shook, but aomewhat later; tho earlier and lighter put iafdt near 
the origin, but at a distance only the stronger part la observed; thlB la aim true of amamo- 
graph records The velocities calculated from auoli obeorvatianB are ovidently too small. 

Professor Wieehert m a communication to the Intel national Bnwmolngioal Aaaneia- 
tkm In September, 1007,accepted 72 km /eao. as a fair value of the vdoeity near the 
surface of tho earth; whidi»the same aa the vdoeity near the origin. I have taken thia 
value, 7 2 km/eac, sabring probably as neu the truth as we oaa come at pre s ent With 
this vdoeity we fld fry the —dd of least squares that the meat probable pos iti o n of 
the centrum fa at a point lying about 10 km north of the point an the fault-line opposite 
Sea Fraxunaoo, end at a depth of 20 km below the aurfase, tho time of occurrence bf 
the shook ia 6* 11" 57 8", and the enure in aeoanda are. BanPra ne nco, +11; Berkeley, 
-84, Mount Hamilton, -0.2; Ukbh, +24; the aum of the squares of the enure is 
186 aaeonda The objection to this detennmatlon re the error at Berkeley whloh fa 
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apparmitiy too large The lfi seconds whfch Piofeesor Townley allowed tor the interval 
botween the uiiybI ot the shock at Ukiah and the moment that he read hit watch seems 
to me lather long r if we inline thu mteival to 12 seconds and take the time of ainval 
at Ukiah at 5* 12“ 20% the obsai vationa become mno accoidant,. we find that the best 
position fin the origin has the same geographical position mentioned above, bat the 
centrum u near the surface, and the time ot tho shock becomes 5* 11" 59", the eiiois 
ot observations are' San Fianmaco, +11. Betkeley, —28, Mount Hamilton, +09, 
Ukiah, +07 The sum of aquaiea of the error u 104 second*. But the position of 
the centium can not be lookt upon as being determined vwy accurately, even if ae put 
ita depth at 80 km we find the sum ot the equates ot the on ora only 108 seconds, and 
the individual errors are San Fiancisco r +19, Beikele}, —26, Mount Hamilton, 
+ 0.6; Ukiah, +02 Hus u a bettei gioup ot eiiora, as that of Mount Hamilton is 
very small The tuna is 5 h 11“ 57 7" 

It will be noticed that the groups of mron seem slightly to tavoi the idea of a simul¬ 
taneous dip along the fault-lxbe m pieterenoe to the dip beginning ovei a bma]l aiea and 
then gradually spreading along the lme. But let us notice what this leally involves In 
the firet place it l squires a \ elocity of propagation of only 18 km Mo , a value le* than 
a quarter as great as the moat piobablo value of this velocity 1 It mav be urged that 
these times lofor to the aimalof thelsige iui lace waves, whche velooty has been deter 
mined as about 3.8 km /sec., but with this value ot the velocity we find much laigei 
em>n, the turn of the equates amounting to 36 9, and theiofme a consideiation of the 
erroie alone reodais this supposition less piofaaUe than either of tho othei two; and, 
moreover, the picKminaiy tremora and laige waves are not repainted at such-ahoit dis¬ 
tances fiom the anigin as San Fianciaoo and Berkeley 

Secondly, it is deal fiom the surveys ot Messrs Rayford and Btidwm (vol i, pp 114- 
145) and ham the dtsousBum of them (pp 16-28} that the ruptuie along the lanlt4inc was 
the result of gradually ihueasuig tones which finally becamegieatei than the atienglh 
of the reck, bofore rupture the rook yielded d—t™llj to the forces and it -seems abso¬ 
lutely impossible that its ultimate strength, varying locally, should have been leaohed 
simultaneously over the whole area ot the fault-plane, whore length was 435 km, or in¬ 
deed ovei any luge aiea It would lequira a nice adjustment ot the foraos concerned, 
which tho nature of the forces in no way leads ue to repeat It u only in the case of 
absolute iigidity, which is far from the tine nature of rack, that we can conceive of a 
simultaneous movement along tho whole fault; and then we should be at a lore to account 
far tho dying out of the-fault at its ends Moicover, our general expedience is entirely 
against simultaneous yielding, when structures, such os budges, break, they give way 
firet at a particular pamt; when an ice-jam m a nvei yields, one put yields before the 
rest 7 and, indeed, many such examples might be eitod We are therefore constiunod 
to believe that the rupture on the fault-plane began over a small-area and rapidly spread 
to other parts of the fault 

We may then consider tho position of the origin as determined within, perhaps, 80 km 
along the fault-kne and within 20 km u depth, and the time, within 3 Beconda, end we 


The beginning of the shook 


A 

* 

•• 


18 h 11*58P±3secondsO M T, 
121°36 f W ±10', 
37°49'N_±12’ I 
10 km. + 20 km or —10 km, 


where ^ is the tune of the ooauirenae of the shock, A, the longitude, and 4 , the latitude, 
* If we had fatal the Ukfth tuna aa F 20V the bjpotbm of multiniwua dip would hnva 



THE T1UE AND ORIGIN Of TUB BIIOCK 


0 


of the epirentium, end („ the ilcpth of the ecntiuin The point Ira cvactfy oppoute 
the Golden Gate 

If, instead ot a velocity ol 7 2 Ian /sec we hod used 0 5 oi 8, the position and time 
at tho shocL would not haw been alleiod beyond the limits ot mioi indicated above 
A emails velocity nonld haw led to a doe pci eentium and cailun timo, a gicatoi veloc¬ 
ity would have hod the opposite eHcot 

THE VIOLENT SHOCK. 

The violent shock u tho most unpoitonl put of the oarthquoko, both on aeoounl ot 
its dmtiuclne cttocts and bocausc it alone oould havo aftectud diilont aeismogiapha 
Indeed, Yictoiia is tho only dibtanl station whoio the Gist motion was iccoided and it is 
the neaint ucismogiaphic station beyond the limits ot sensible motion Its distaneo was 
1,150 km fiorn the otigm and the distuibanco was peiecptible to a distann ol 560 km 
A laige numbci of docks who stopl by the stiong motion, and ono would natuiolly 
look to them to get the exact Umo ot its occuirencc Piofcssoi Miuvin has eollooted 
togethei all mloimation icgnidmg throe clock* Foi the gient mojoiity the tune ol the 
stopping is only known to iiiinukcs, and even then the difleioncvs between the vaiioua 
clocks an bO gicot os to moke the icsultmg avrnago of very little value, it w thciefoie 
not ncecssaiy to give heic the times lcconied by all of them We loilunately havo 
obseivatums fioin four stations a huh hocm to be \ oiy loliable 

Fust, Ban Hatacl Two standaid clocks woiCKtopl, one tho standaul clock ul tho Timo 
Inspector of the Noith Shoio Bsihosd, atopt at 5 k 17 s 35*, the oihci, belonging to tho 
night opeiator of the Radioad, stopt at 5" 12* 30* Also a dock, belonging to the 
Western Union Tclogiaph Company, which sends out the lime, htnpt, the time being 
6 h 13", as tho seconds aie noL given it is piobahle that thoj weie nol oliHeived Thin 
time must, thoiofoie, be neglected, it w manifestly loo late Tho Gist two clocks air 
supposed to be veiy eccuiato sod to be chccklovny day at noon Hie aveiage ol their 
tnnois5 h 12“ 325* 

Second, Maie Island Two ot the astiononucal r looks, under the chnigc of Pi of 
T J J Beat dopt impeetnely at 5 h 17 s 87 and 5 h 12“ 37* A thud daok which is 
elcetucall} coiiootcd ovmy day, but is not a Mandatd dock, stopt at 7 12“ 38* 
Piofeaaoi See thinks the best timo is the aveiage of the two astionomical clooks, luundy, 
5 h 12™37 

Thud, Bmkdcy The astionomical dock at tho Students’ Ofamvatoiy, undoi tho 
ohaige ot Piol A 0 Lcuschnei, stopt at 5 k 12“ 80* 

Fouith, Mount Hamilton The only dock that stopt was a unoll one in the Dh color’s 
ofilee, the ooncction lor which whs not aocuratoly known; it atqpt at 5 h 12“ 52*, we 
can not put sny leliance on the exact time it gives The shook began at Mount Hamilton 
at 5 h 12“ 12*, but the stiong shock occuirad at 5* 12™ 47 Hus is attested by the 
observation of Mr Aitlcen and also by the tact that the Ewmg scismogiaph was set m 
motion at that time Hus seems the mast aceuiate lecord we have of the tamo of the 
anival of tho heavy shook at a station neei tho oiigin. 

The sideiesl dock at tho Chabot Obseivatoiy, Oakland, stopt at moan tame 5 k 12“ 
51" The mean tame olook stopt at 5 k 14“ 47 Piofessor Maivin, however, has 
pomted out that the dehoate giavity escapement of the latter might easily be thrown 
out of adjustment by the disturbance and thus allow the doek to raoe It is evident that 
we can not taka into consideration the time given by it The sidereal dock, stopping 14 
seconds later than the dock at Beikdey, may perhaps have been stopt, lestarted, and 
stopt ogam fay the shook At any rote It is certainly too late and must be negleoted 
One dock at Uloah may have been stopt and restarted, it was gong after the shock, 
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but bad been retardod by 0 —m tuna Two of the aitionoimcsl docks at Mare 
Twlanrf oontinuod going afta the shook, but they lost 20 seconds, which Fiofeubor Bee 
asenbed to "the mbbing of the pendulum pomta against the index ledges, which was 
aho cleaily shown by tire hiightarnng of the metal of the indexes " Altho this hiction 
must have acted, it toidly seems sufficient to account tar so large aloes u the minute or 
ao of the strong Bhocks, and it re not unlikely that fheae doclm were stopt and started 
■ pun Some docks muathave been stopt at very neatly the enroot time of the ai rival 
of the shook, but it is impossible to distinguish them irom other dookb, whose times are 
olaimed to be ooiieot, but which were evidently wrong, it is best, therefore^ only to use 
*»m— from the fiiat four observations mentioned, which have bem chosen beoause they 
can be idled on as vmy neatly eoneet 

The docks which stopt evidently too late, and those which continued going but with 
the lore of same aeconds of tune, cadi attention to an eiror which may be made if we 
accept the time of a stopt cloak as determining the time of the heavy shook Let ua 
notice in the first place that it is sooicely possible for the tune thus determined to be too 
early, fm, if the pendulum is made te vibrate too rapidly for a beat or two before it is 
stopt, the time is advanced, and if the pendulum is stopt, ataited, and stopt again, 
the dock will mark too late a time It is only m case the gentler motion pi seeding the 
heavy shook should cause the pendulums to vibrate too dowly, that the stopt dock would 
indicate too enriy atone, but this gentler motion is just aa apt to make the pendulums 
vihiate too fast Thediffeience between the time of the heavy shook at Mount Hamilton, 
which does not depend upon a stopt dock, and the tunes lecoidod by the stopt docks at 
Ban Rafad, Mue Island, and Berkeley, make it evident that the latter oauld not indicate 
a tune mateiially too late, union we assume a rate of propagation of the disturbance much 
too low to be pei mumble It is extremely probable, however, that the docks did indicate 
a tunc slightly too late, and I have therefore taken for the tunes of amval of the heavy 
shook at Maie Island and Berkeley one second eeilrer than the docks indicated, these 
docks were all aahonounoal docks, and, with their known eorreotuma, were praoooally 
collect just bofore the shook Hie docks at Ban Rafael were not astronomical dodrs and 
may have been a little too fast, we can tako fi* 12“ 8T, a half second earlier than then 
ai arage, aa the tune of the shook at that place Hie time at Mount Hamilton requires 
no modification 

We have therefore for the tunes, after fi*12“ 80", of amval of the heavy shook and the 
distances of the stations from the fault-line Ban Rafad, — 2 seconds, dj —181cm , Mare 
Island, Ja — fi, dg — 42, Berkeley, — 8, d 3 — 29, Mount Hamilton, ^ — lfi, d 4 — 88 7 
A glance at these data show that the shook wna not BmrultaiieouB along the fauh-hne, far 
Berkeley and Mount Hamilton, less distant from the fouttJme than Mare Island, fdt the 
shock later The times, with the positions of tire stations aa shown in flg 1, indicate 
that the strong shock oiiginated in a limited area somewhere to the northwart of Ben 
Rafad 

If, SB m the ease of the tyummy qf tha shock, we use there four observations to deter¬ 
mine our tour unknown quantities, wb find an imaginary value for the daptii of the eea 
trum, showing that the observations are not perfectly aceumto We may then, as before, 
assume venous positions for the centrum and And by the method of least squares what 
time of occurrence end what velocity of propagation will moke the sum of the squares 
of the anon least The following table shows the results of these determinations; ft is the 
distance from a point an the fenltJnia opposi te Ban Fremssoo to the aupn, measured 
towards the northwest; Sg is the depth of the centrum below the surface, the time of 
ooounenee, In eeconda after 6 h 12" SP; v, the velocity of propagation m kdometm per 
eeflond, snd A 1 , tha sum of the squares of the errors m eecondi between the calculated and 
observed times It Is to be noticed that the vdoeity is too high except In one earn 
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Tabu 1 —Thom, T alonliH, mil Aran fir 
Vari#ni Fti/im at rt' Finn 


lb 

■ 

k 

1 


20 

0 

810 

77 

80 

20 

20 

208 

72 

102 

40 

0 

801 

88 

40 

40 

20 

2B0 

87 

00 

B0 

20 

282 

8.8 

08 


If now we Mime a velocity of 7 2 km Aeo, and lapoat tho ooleulalkuiB determining 
only we get the following lenilta for vuioue positions of the eontium 


Tabu 2 —Tiimi and Aran fir Vanina Anfiwia af IIb Farm 


Vi 

* 

* 


■k 

* 

k 

AF 

20 

0 

80b0 

08 

00 

0 

278 

70 

20 

20 

208 

102 

BO 

20 

27 I 

T7 

80 

0 

2B8 

80 

00 

0 

2B7 

88 

80 

20 

202 

72 

00 

20 

2B2 

70 

10 

0 

2B0 

07 

00 

40 

201 

07 

40 

10 

288 

00 

100 

0 

210 

100 

40 

20 

284 

00 

100 

20 

210 

100 


Then a not a very gioat dilToronce m the auma of the equal qb of the onoia for valued of 
y 0 varying between 20 km and 60 km, but they mcroaao at both of thoao oxtiomo dia- 
taneaa (enonaf a law tentha aio inngniflcant aa they aio paitially duo to approxima¬ 
tions in the ealoulationa), and the timoa of oouno beoomo oailun aa the oiigin ia plaoed 
further northwest. Wo may thorofoio adopt foi the approximate position of the oontium 
of the indentahoek, a — 40 km ± 20 km, a^—20 km ± 20 km., and foi the tune of 
ooeurrenoe, Iq — fi*12" 28 1 ± 2 aooonda. The Individual eiram of the tunoa of obaei- 
vatum become at Ban Rafael, Man Island, Bmkoloy, and Mount Hamilton, lospeetavcty, 
+ 06 aeoand, +04,-21, +18 If in theeo calculations wo had uaed a velocity of 6 
km /Coo or 81cm ^eo, our leeulta would not have boon altered beyond the uncertainty 
mduated We may thenfon write for 

- IP 12 s 28 1 ± 2 socanda Q M T, 

-122° W. ±6 / , 

±4 # f 

l ^-20km ±20km 

The paint hoB between (Hama and the southern end of Tomaloe Bay. Thlspodbonof the 
pamt of beginning of the nebnf stab nedvea aome oenfiimation by the fast that the 
violence of the shook was probably aa great m this neighborhood aa anywhem, and that 
the dnplaeemento along this part of the fanHJlne were the greatest ncoided 


Theroaretwo ways of determining the depth of the focus. by otnarvationa of the times 
of amval of the shook at vanoua statoona and by a oonaideretlon of the dataibutaon of the 
damage sod other effects produoed tty the disturbance over the snifooe of the earth The 
two methods do not detennmw Identically the aame pohrt The time method gives the 
loeataon and dapth of the pent whan the ahoek started, whenaa the method dependbg 
upon the dntributlod of intanalty gives the depth of the whole of the fault-plane. 




12 


REPORT OF THE CUIFORNIA EARTHCJIMKE C0IU1IBB10E 


Fust a glance at fig 2, wheic f lepiebcnta thefuousot the shook, will nliowteiy olcaily 
that the dirtancc fiom tho focus to the venous station* depend* upon its depth, and il ivo 

knew the exact tune ot the shock, the time of 
the auival at the stations and the \elotily ot 
propagation, we rould immediate]} ealculato 
the depth ol the locua As a mattci ot loct 
we do not know the exact tune ot tho shook, 
noi do we know the exact xoloeity, but bv 
obsavationB at a numbei of utatians all these quantities rould be deteimined, provided 
the obBenatums weic sufficiently accuiate Hue, howevei, is wheie the diffiLultv he* 
The table on page 119, which gnes tho time ot die anivnl ot a distuibanco accoiding 
to the distance of the station horn the epiccntoi and the depth of tho locus, bhowb 
that this time ib xeiy slightly aftected by the depth ol the focus when the distance* aie 
as gieot as thiee oi loui times thh depth, and thpietoie to gel fiom timo obseivalion* 
an even fonly appionmatc xalue oi tho depth we must ha\e a numbei of stations my 
close to the epieentci, and the obseivatums must be extiemely ecruiatc — to within a 
second ai so Neithci ot thee conditions ha\e been satistactonly fulfilled heiototoie, 
anil dcteiminatume ot the depth ol the focus based on this method aie unieliable In the 
case of the California earthquake the obecivntions at the lorn stations eonsideied aie 
probably moic tax oi able, both as to the situations of the stations and the accuiacy of the 
obsavstions, then has hoen lealisod at an}' foimci eaithquake, but nevertheless it has 
been shown that they aie not sufficiently accuiate to detcimine Uio vauous unknown 
quantities in the pioblem, and they meiely mdieato that the depth at which the violent 
shook ouginated is probably not inoie than 40 km The venation of this method b} the 
use of Scebetk'o oi Schmidt’s hodogiaphs can not iidd mme ldiable i suits, and its 
application when die tune of oimal, not of the beginning of the shock, but of a stiong 
icenfoi cement of tho motion, is used is by no means to be lecommendod, lot in this case 
we eon not bay that tho speoiul part of tiio dstuibanee obseived ha* tiavelod dneclly 
thiu the body of the earth, end tho whole thcoiy ot the method depend* upon this sup¬ 
position In same cases it io quite evident that the tune of aiiival of the long waves hiu 
been used, and those waves aie supposed to be popagatod along the xmface 1 
Hecond tho distance of points fiom die locus will inmcase raoic slowly with then dis¬ 
tance born die epieentei foi deep than foi bhallow foci, and therefoie the intensity of tho 
aotian at the suiface will dimmish mme slowly llaj C E Dutton has shown that it we 
cansidet the extent of the augm small and the damage done bv the shock at die suifaoe 
proportional to the encigy of the motion thae, the change in the amount of damage will 
be most lapid at a distanoe bom the epicentoi of about 17 times die depth of the focus, 
and this distance io independent ol tho actual intensity of the shock 1 
If we attempt to apply this method to the Caliloima earthquake, we meet with many 
difficulties The distuihance was by no means confined to a small area, but was aptend, 
mme oi lea unevenly, ovei the whole fault-piano It probably did not take place simul¬ 
taneously, but vaiied in tune at diflsront parts of the fault If it had occurs ed simultane¬ 
ously, the method might ba applied by adding up the eftecta due to the different parte of 
the fault, but if tho movement oeruired even at slightly diffaient times m dilteient puts 
of the fault, then effects at some pants would be successive and at some points snmiltnne- 
oiib The general averaging of these remiltb might, however, enablo us to bum a rough 

1 Sn tor rumple Fudiaa, " Du Erdbeben ^ am 8in] im 2 Juh, 1898," Hitt Erdb -Com, K 4kad 
Win Win, No ttbs 1003 The time of imnl of the aecond prelum nary tramota would bo a taottei 
tune to nee than that of the Diet preliminary tramon, for they tmwel only about two-ttauda as hat, ud 
therefore the ddlbieuaee in tbmr tunee of imul would bo eomoubat graatar at two atubon* of riigUli 
ddfoient dartannea bom the centrum 

■Tim Ohnhaton wi'ftnn.h of Augeat 81, 1886 0th Ana Bqp V. 8 Geol Suit, 1887-1888, 
pp 818-817. 
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ostimatu of tho drpUi il wc wuc not conliontcd by anotlici difficulty, namely the vniinr 
tianb of tho cflects due to llie rluuaelci ot the toundation These vuiations, an shown 
oil tho gonnal map, No 23, and oil the uiteiisilv map ol the cit> ot Nan Fmneibco, No l l ), 
oic so gical that it is quilo un|XNsil>le to obtain nrouiate values lor the depth ot the tault 
all along its oouisu, but opiwute 1'oint Airna tlie iiioscmiuiIs aie hullwiently legulai 
to thiow Borne liglit on the miIjjctI In atleniptuig to solve this pioblum, wo muht lualco 
a numbei of assumptions, whu li me by no menus exactly tiur, but uio ueoily enough so to 
nuiko out losull of son 10 \aluo, tliey aie Hint the amount of cnoigy bunt out Lry each 
olonient ot the foult-plano pci unit time was tlie wiine, that (lie amount ol enoigy sent 
out in any dncotiou flam each element was piojiui lumal to tho cosine of the angle beta ceil 
that duration and tlie nonnal to tlie fault-plane, that tlie sLioug disluibaneo oonliuucd 
foi a sufficient time all along the fault-plane to pci nut us to a**>ume that paintii not vciy 
distant waio nscciviiig Mniullenruusly tlie strong vibiatiou* limn a length at tlui fault- 
plane 8 oi 10 times as giaat as llieu distances fiom it, and that Lho elleelive foioc at any 
point w piopoitional to thosqu&ic toot of tlieeueigy of Lhu diHluibnnoc at tbaL iiouit 

With thcae assumptions we can deleiniine tlie eneigy of tho disLuibniiec at any pouil 
not lot horn the hull by adding tugilhoi (ho amounts ol eneigy bent to that point by 
cabh clement of tho lino 

The Yibnational dialuibanccs at the vniious points of the laulL-pbmc do not umlo to 
foim a single wavo-tiont, foi tho movemnilb inuaL be in dilleicnt phases lit difloient 
points, and both distoi tumid and longitudinal vibrationh in viuious durations aie picscnt, 
foi thib leabon it might appeal [hat tlie eneigy would bcHcnt outunifnrmlj maO diroctiona 
and not accoidmg to the cosine law, lait il wo mako tins assumption, we Imd on infinite 
amount of eneigy near the fault, wlueli is, of realise, mqiaMlile, and wo aie thoieforc led 
to assume the oosmr law, whusli is piolmbly not vny tai wiong 1 

Em a aunjde hainumie vibiaLiou of a given penod lho onmgy of tho motion n pio- 
poitunud to tho square of tho amplitude, and the maxi¬ 
mum accdoiation to the amplitude lLseli, Uiat is, Lo tlie 
equaio not of tlie enmgy Wlien we cormulci that, at 
overy place wheie the distuibsnec was Ml, the vibior 
tions wme in all du odious and had various penoda and 
amplitude^ wo aeo Uiat it ih quilo bnpamlldo lo dclor- 
mmo tho tiuo accdoialion, but tho wpiaie root of tho 
onmgy will he longhly piopoi Uonal to iL Professor 
Omou has shown that tho efTeelivo foice is piopoi lioiiol 
to tho accdcinlum end has estimated the values of the 
vaiioua dcgiocs of tho Row-Fond Scale u terms oi 
actual accelerations 1 

In llg 8 let P bo tho point on Uio eaith’s surface at 
which the dntuibanco u to bo detumined and x iln 
peipendioulai dutenoe fiom the foult-plano, (/Otitf Let ft bo any element of the 
fault-plane, when depth below the auifaco ie e and whoso distance fiom O', meaeuied 
peiallol to OV, is y Then tho onmgy of the diatuibenoo at P is found by adding the 
amounte sent fiom all such dements of the fault-plane, rcmembming that the intensity 



q n> t > 11 ■ iIh mnohialoB shat no plmaa on the arthfl ns _ 

In intonaty i* li Milan * ii »> ■ uqt of the at vllUMenaj for sKho the l 

mifht mat at t partiuiki nwiiajii, ihd bvagnlarity of tha motion mold only allow It fora rav tfw 
ferao, and tha intnnlj imbed to a parUoular pea la the mrdmum JntaiMty tthub la lUt than at 
aoy port of tho dwak (hi tha other hand, It ii r *' ■" ■"-■ ■■ 

of ItShiiltalaM ta aonhhiB aad oanae inaaoi 
laatancm of n57 hmatar. an ha dtad In the i 


t ■■ anlta r™ 1111 * for almag ilmiUona ham two naito 
■I lawalty alena a partiniiUr Uao or aou No dnsfto 
mwo d tha oSlfoidacHthaiiBho. 
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*«■ down invucdy as the square of the distance, the mangy at P is, theietore, 
proportional to 


*** .-S 


tui-* 

1> 


wheie D ■ the depth of the fault Hie limits of the integral along the fault assume 
in mflnitw len gth for the fault; but the lesult is pneboally the same if the angle 
between two lines drown from the ends of the fault to P is nearly 180°, that is, if the 

distance of P from the fault 1 b wnnll compared with its length The values of \tan" 1 "S' 

m g 

have been plotted infig 4 in teims of — It will bo noticed it a a function of ^ and is 

lnHapwidnnt ot the actual intensity of the diatuihanoe at the fault-plane, but unlike 
iffnj np Dutton’s energy ouivee, theie is no pout of inflection in our ouive (this is due 



to the foot that the fault-plane is not confined to a oonsidenble depth, but extends to 
the surface of thecai th) We must theiofore, to determine the depth of the fault, deter¬ 
mine the of fiie point wheie the loroe bears some definite proportion to the 

force u the Immediate neighborhood of the fault-plane, for instance, where it 1 b half ee 
gieet We find from the outre that the distance of tins point is about 2 5 tunes the 
depth of the fault We must, now, from our map of mtanbaa determine the actual 
dwtiMw bom the fault-plane of the points where the force had diminnhad to half he 
value at the fault-line Pro fe ssor Oman 1 bee estimated that the acceleration on lbs 
made ground in Ben Franobeo wee somewhat leu than 2,600 miDimeten per second per 
second, end therefore the acceleration an rook at the fault-plane may be taken at about 
fbu value According to Profoenor Omon’e eoele, a force abo ut hal f ai great, or 1,200 
mifiimeten per second per —«"««*, camaponde to the degree Tin of the Boaro-Piard 
Scale, and this Moaeiamal oecun at a dwtaaoe of about 20 km bum the fault-lme opposite 
Point Anna, 20 km ii therefore 2 6 thnea the depth of the fault, wfaioh accordingly 
8 km We must not attach too much importance to tUa remit; the amump- 
tiona and the data are all too Inaccurate^ but we can accept it aa mdinafang that In the 
neighborhood of Point Anna the fault could hardly have ootended to a greater depth 
than 20 km and probably was not bo deep The ilnlifbullon of iaoadkmals north of 

■ Boll T-r-J-l Tw—rinnmn—nn, ml 1, No, 1, p 10 
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Baa Ftanasoo Biy show that this oonchiaion a applicable to all that pari of the fault, 
but farther south the isoeeismsls, wluse not greatly aftaotod by soft giound, be close 
to the fault, indicating a smaller depth 

Both methods of dotonmmng the depth of the fault agree in indicating that it is com¬ 
pel atrvely shallow, the only considciationa opposing tbs aie its length, its compaiar 
tive Btiaightness, its independence of the Lopogtaphy, which it sooms to have oonUdlad 
lather than to have followed, and the voiy oonbidusUIo geologic time which has olapsod 
since movements wete first inaugurated along tho 11 ft (vol i, pp 48-62) All those 
facta undoubtedly suggest gioat depth, but oui ignonuieo of tho obumh loading to tho 
fault movements makes us attach gieatm weight to tho moio dcflmle oondusums already 
ainved at, and to iflgaid tho movement of ApiU 18,1000, as oompamtlvely shallow It 
n the general belief of gedogiaia that frnetuics of the look aie confined to a eiust of small 
thickness, Piofanor Van Ibao estimates that about 12 km is the gicalost doplh to whioh 
they can reach, and he bases this estimate an the canaidoration that tlio weight of the 
ovenlymg look is sufflaant at that depth to piovcnt tho fmmataon of eiacks oi ciovieos. 
He wiitos "In looks which wero bait when so deeply buiicd that macks or oraviaeB 
could not form even tompoiaiily, it is piobablo that ihematmial flowed to Its new posi¬ 
tion quietly, without shook, undor tho oummous otiose to whioh it was suhjootod." 1 
But this is not a suffiment antouon, rook can fiacturo by shoaling without tho foimo¬ 
tion of devices just as a block can slide on a sooond one without separating from it, m 
the oaso oi tho California oaithquako thmo is no necessity for behoving that the two 
mine of the fault did not always remain m contact while they wore slipping past each 
othai, Bud, as is pointed out fuiUmr on, tho movement noai tho ends of tho fault is taken 
up by elastic or plastio distortion 

The tempontuio Inomawng with the depth ineroasos tho plasticity of tho rook, but 
the inamssmg pressuie lncrassos its nguhly to a groator oitout, at loast for foioos like 
those due to statu vibrations and tho tides of short periods, which do not continue to 
aot for a veqr long time m the same duoolion, but fax long-oontinued forces m the same 
dimotlon, provided they do not merouM too lapidly m mtonaity, the plasticity probably 
allowB Blow dofbimatian and prevents the fanes from ever reaching the ultimata etrongth 
of the rook. 

The question which must be aneworod to dotamine the depth to winch frnetuias eon 
oaaur is. At what depth does the ptafamly of rock become suiDeient to anafale it to 
yield to the s tru m difference, which may exist there, rapidly enough to preven t this 
stram-differonoe from reaching tho uHunato etrongth of the rookf UnfoiInnately wa 
do not know any of the of the problem, nelthor the plastloily of the rode aa 

dependent on pressuie and tempmafaro, nor the rate at which atira-diffaroneaa accu¬ 
mulate at (balances below aurfaoe Its probable that the paint at which a fraetanefint 
ooeun is not the lowsat pomt to which it extends; for when the hreak comes, the farces 
are euddmijy taanafened to nearby pomta, and tfaua the fraeturo may be named to depths 
where no fraeture would take place otherwise. 

Than ib very little dheervabonal evidence bearing on the question we an disousBing 
The Appalachian Mbuntama are ebaraotenaad m Fomqdvama fay open folds and few 
faults, as wa fallow the range to the southwest the folds beoome bUaer and the frufta 
Innmeim. snd m Tmnnmnn Ninth fTsrnlins flfintpin. and rtlnhur thn fuTfiglnimi^ir 
iiiiiiiiiiiii Mr Bailey ViDm has pointed out * that the tiucknowi of the amhinmitB above 
the Cambro-Briunan Hmes to ne was about 98,000 foot (7,000 metore) In Pennsylvania, 
10,000 feet (8,000 matan) in southwestern Virginia, and only 4,000 fast (1,200 moten) 
in Alabama, Mi| i be the differenoes in faMhj m»h ywin an h*m* to the diffar- 
moas of the hade whan the defonnationi took plaoe. TUs m t hs atae that Ianlta are 
vary shallow 
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THE BB8ULTB OF THB SURVEYS 

Animate surveys oT a put of tbo legion tiaveised by the holt-line of 1606 weie made 
by the U S Coait and Geodetic Suivey at sauoue tuna Then have boen giouped 
loi the sake of discussion into thiee peiiodb, namely 1,1861-1866, II, 1871-1868, 
III, 1606-1807 These suiteyn, aa dueu&t by Memo Hay fold and Baldwin ivol i, 
pp 114-146), show that in the inteivals between the euiveys ceitam definite diaplace- 
ments ot the land tools place They bung out espeoially well the displacementa whndi 
took place in the lQgion nmth of San Fionci&co and the Farallon Islands duung the 
time between the II and III miivcvb, an mteival which included the eailhquake of 
1606 The held obeuvaboiia and the buivejb weie eomplcmentaiy, the foimm detei- 
mined the idalive daidaaomente at the fault-line, and the latter the displacement* at a 



ho a 


distance fiom it The results ot Mesne Hayloid and Baldwin may beexpieet by fig 6, 
they show that the displacement* leached a maximum at the fault and weie smallei 
as the distance horn the fault was gieatei, in such a way, that a line which, at the 
ot the n euivey, was *ti aight, aa A'O'C', had, at the tune ot the III burvey, boon broken 
at the fault and curved into the iotm A*W, PC' And, altho at a few pointa theie is 
an indication of a compicseum at aa extension at light angles to the fault, pmiwlly the 
movement waa paialld with it The figuie is drawn to eeale from the eummaiy on 
pap 133 (vol i) and shows how the displacements dimuueh with the distance from the 
fault The scale of displacementa b 1,000 tuna that of distance*, the curvature of the 
hue le so very email that it would he imperceptible if the two sola wan the same 
The known length ot the fault is about 435 km (270 miles) and it is quite pamblr 
that it may be somewhat longer below the surface Whatever may be its length, the 
fault terminates at some points beyond which no dip took place, the eastern aide of 
the fault moved towudsthe southern region of ieat and away from the northern region 
of rat, and the western bide of the fault did just the oppoeite, there must have resulted 
near the northern end of the fault a compiouon of the lend on the western aide and an 
extension on the eastern, and near the southern end the eKtennan mast have been on 

is 
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■tho western Bide and the compicssion on the easlcin side Thao may have boon a mare 
01 lea uioguhu dibtiibution of cotnpia&nions and avlcnaions along tlio eouno of iho fault 
duo to dillaoucm in Iho amount al tlio movamonL, but Ihoso, nuxuding to Di Hayford, 
aio flight oxccpt m iho legion just south oT Ban Fiauuaco Tlio queihon onbea lliow 
weie thoae oompicuiona and oxlcnaiona taken upT Dul the voluino lomun eonatant 
and the density ohango, oi did Llio dcobity 1 amain coubtanl and tho voluino ohango, or 
did both ahangos oeoui T Wo havo not sufEciont ovidonoe to aihvror tins question, 
but tho gonand piopatios or matla would indieato that both changes occurred To 
tho noith of Bui Fiouoisoo Boy thcio wmi to havo boon, m places, a vmy alight devo¬ 
tion ot tho land west ol tho fault) and tlio only talisfnoloiy explanation so fai ofloiod of 
the aoLionof tho bdo-gago at Foil Point (dcsoubod ui vol I, pp 807-371) indicated a 
small dopiQHbion of the west sido of tho fault opposite tho Gkddon Gale It n not im¬ 
possible, altho it n by no means dcnily indicated, that tho blight elevation of tho western 
sido along tho noithein put of the limit may be duo to an inoiciiflo in volume thaic, and 
Uiat tho piobabile dopieesion opposite tlio Golden Galo may bo duo Lo a doc loose m vol¬ 
ume, which must havo taken {dnoo in that iQgion, on account of tho tnnaDci displaca- 
mont just south of it 

RoUumng now to the euivmg ot Ibimor aliught bnes at light oiiglei to the fault as 
Bhown m fig 6, the fiiBt anally suggested by tlio hnoa h that of a bont boam If abeam, 
which is long in pioporlion lo its tlnckncas, is Huppmled ret ono end and a woiglit hung 
fiom tlio othici, tho boom bonds into a cuivo voiy much like LhaL shown m the figure, 
tlio undo, oouoavo suilnoe ia compicsL, the upiwi, convex suifaco is aLioloht; and 
between Iho Lwo Uiue ia a noulial piano which is noitlia oompicst nor atioteht BuL 
whon the Uueknon of tho beam is giral u compiuison with its length, tlio disloilion ia 
duo to tho dastio shcu of aach layer ovci its noighlxu In this aaso tho tldokncss of tlie 
boam would bo 486 km (870 nidus) and tho length piobably leu tlian ono-twontioth as 
much, bo that tho duLorUon miuiL liavo boon duo lo ahau and not to bonding m tho 
oidinaiy aonae of tho wmd 


THE 1ATUKE OF THE JORGES Aonao. 

We know that tho displaoonianla which took plaoo noar the faull-lmo oeeuiiod sud- 
donly, and it ■ a matter of much lnlaoal to dolonnliui what was tho migtn of tho fmooa 
which could art m thu way Giavlly can not bo invokad aa Iho dirocL cause, far tho 
movemoalB woio practically hoi non Lai, tho only obhnr foiees strong anough to bring 
about such sudden displacements aio obistlo forces Then 1 areas could not have boon 
biought mto play suddenly and have Hot up an elastio distmUon, but oxtmnal famoa 
must have produced aa dastio stiam u tho icgion about tho fault-huo, and tho slronos 
thus mduood wore the foraoc which caused tho suddon dlsplacomanls, or desire rebounds, 
when tho ruptaie oeeunod 1 The only way m which tho indicated etreine oould havo 
bean art up ■ by a relative diaploeomcnt of tho land on opposite aides of tho fault and 
at Bomo dwtanoo ham it This ie shown by tho northmly displacement of the Eerellan 
Idande of 18 metere between the surveys of 1874-1892 end 1906-1907, but the surveys 
do not deads whether this displacement oceoirad suddenly at the timo of tho earth¬ 
quake, or grew gradually m tho interval between them; there aie valid reasons, however, 
for accepting the latter alternative, as the following oonaideratlons ihow. The Farellan 
Telende ere far bqyand the limits of the elastic distortion revealed by the auivoya, bo 
that we oen not ascribe their displacement to dastio rebound; and wo have aeon that 
tfab a the only land of force which oould have produced a sudden movement; and what 
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la atill more convincing, wo dial! shortly see that not only waa the displacement of 18 
meters of the Faiallons between the buivey of 1874-1882 and 1906-1007 insufficient to 
aeoount for the slip on the fault, but the additional displacement of 14meten whioh 
they experienced between the suiveys of 1861-1966 end 1874-1892 leaves this quantity 
atill too email 

We moat therefore conclude that the stroma were set up by a slow lelative daplnce- 
ment of the land on opposite sides of the fault and piaotioally parallel with it, and that 
there displacements extended to a canaideiablo distance fiom the fault Let us consider 
this process, suppose we atait with an unstiamed legion, fig 6, m whioh the line AOC 
u stisight, suppose foices parallel to /PD* to ant on the legums on opposite aides of the 
lme BFDF so aa to displace A and C to A* and O’, the stiaight line AOC will be distoited 
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into the hue A*0(P, if the dretortum fa beyond the strength of the reek, a rupture will 
ooeur along /PD*, the line A*0& will be hrolcen and the two parts will become straight 
agam and mil take the positions A'O* and (PQ*; and O'®* mil represent the relative 
dip at the hue of rupture, which mil be equal to AM*, the sum of the opposite dis¬ 
placements which A and C gradually experienced when they were brought to A* and C 
All points on the western face of the fault mil move a ilwhuiw 00* to the north, and all 
points on the eastern face a (balance OQ* to the south The straight line which occu¬ 
pied the powtions A'O* and CFQ* just before the rapture will bo distorted to AM* and 
O'/)*, there lines being exactly like A"0 and (PO, bat tamed in apposite direotions 
The sum of 0*1P and Q*D* will exactly equal O'Q', the total dip 
When we examine the aetaal displacements abont the fanlUine, we find that the slip 
fig 6, about 6 metera, ia folly 4 metera greater than the relative of 

A' and O' since the survey of 1874-1892; this means that the region was not unstrained 
at that tune, bat that A' and & had already Buffered a relative displacement of about 
4 meters from their unstiamed positions, that is, two-thirds of the stress which 
the rapture hod already ocoumulated 25 yean ago Going stdl farther book to the 
surveys of 1861-1865, we find that the total relative dispUeanait of distant panda on 
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opposite sides of the fault mnoo tint dato amounts to about 3 2 moteis, a littlo moro than 
half enough to account foi tho slip on tho tault-plano, thmeiore 80 ycaia ago the olastio 
stiain, which caused the mptuie in 1000, had already accumulated to naaily half its 
final amount. It seems not nnpiobable, therefore, that the strain was accumulating 
foi 100 ycaia, nltho thoie ■ no satistactoiy ioa*on to suppose that it accumulated at a 
umUnm talo 

We can picluio to ouiselvos tho displacements and the strains which the region hoe 
axpciicnccd as follows let AOC (lig 0) bo a straight Ime at some caily dato when tho 
legion was unearned By 1871-1803, A had boon moved to A! and C toC, and ADC 
had boon di&toitod into A'OC, by the baginning of 1000, A had boon fuithm 
to A* and C to C, the sum of tho distances AAF and CC bang about 8 mcteis, and 
AOC had beon (hstoitod into A*OC* When the lupturo came, tho opposite sides of 
the fault dipt about 8 moteis peat each other, A’O and CO straightened out to A 0 C 
and C(y, and tho straight lines which oocupoil thopautumB AFC and CQF juat befoio 
tho mpluio, wmo disloitod aftawaid into tho linos A*BP and CD 0 , liieso lines bong 
exactly like the lines A 0 O and CO but tuinod in oppaate dneotiom Tbo sU sight hnaa, 
which oecupiod the positions A!C and C'Q' In 1874-1802, were distorted into AFC and 
CC in tho beginning of 1006, at tho tune of the luptuie thor extiomibea on the fault- 
lino had the aamo movomonts as othoi punta an that hno, O'moved to IT and O' to O' 
If wo should move tho left half of oui figure so as to make A'C continuous with t 
fig 6 would then bo practically sunilar to fig 5 and similar letters In the two figuice 
would refer to the samo punta, in fig 6, howovni, we have supposed C to remain eta- 
Uonaiy and have attributed all the relative movement, to A 1 , whereas in hg 8 we have 
divided tho movement equally belwoou A' and C, aa wo do not know tho actual, but 
uily the ldative, movement this dilfmonoo has no 

What was actually determined by tho two auivoys wore tho ilatw— of points on the 
lino CC and A 0 C m fig. 5 meaauiod from tho lino O'A', and this a equivalent in fig. 8 
to the distances of tho lino CC Lorn CQF, and A*S' from Q?A m leas the dlalaneo CC 
The diveigonoe of tho lines A 0 C and CC bom utisight lines does not represent 
tho attains which amstod u tho region just before tho rupture, but only tho strains 
accumulated before 1874-1892, wo have aoen that tho total strains bcI up by 1908 aie 
repioBcntod by tho divorgonoo fiom straight linos of tho luce AFO and CO, or their 
counts parta, A 0 BF and CC. 

ILLUBTRATIVK BZPB9DKBNT8. 

Tho following vary simple aponinanta wue znado to ilhatmto tho wo have 

aimed at ragaidmg tho olaatu strain* and the relatione botwoon tho dip at the fault- 
piano and the displacements of distant points. ▲ dioot of stiff Jelly about 2 am. tUok 
and 4 cm wide wee fanned b ubwuau two piaeee of wood (fig 7) to which it dung fairly 
well A staaight lino AC wee drawn on die jdly, which wee then out by a sharp lmfa 
along the line tt', the left pieoo of wood wee then moved about 1 cm. parelld with It, 
as shown in fig 8, a slight pressure on the Jdly prevented dipping along the out ttne, 
the jelly wee thue subjected to in oven shear thruout and tho ongual straight hno AC 
was distorted into tho line A 0 C, when the pressure on tho jdly was rem o ved, the daetae 
stresses sot up fay the distortion came into actum, the two sides of the jdly dipt pest 
each other along the line IV, A 0 O staughtaned out to A 0 C, and CO to CQF, the dip QFC 
being equal to the distance AA*; and all the stram in the jdly was relieved (Xhe 
difference m the straight hno A 0 OC m the Jdly and the curved Hno A 0 OC (fig 6) in tho 
rook will bo explained later ) 

A seoond straight Hno AFCC was drawn aeroae the Jdly after A had been displaced, 
but before it wee alloired to dip on the line if, when the dip took place, tide Hno brake 
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its unstioined position, the line A m OO bioke into the two lineb A m Bf and CfU t the dip 
jyff was 16cm, oquol (o the total diaplacement of the left piece of wood £iom its anginal 
position when the jolly was unstrained, end the d&tanccs of points on the line A'Bt 
neu the fault, measured fiom the hue A'O', weie about twice the distances fiom A'Cf 
of pouits on the line CD? at equal distances ftom it But at a distance flora it the 
displacement* on the lait were moio than twice as gi eat os those on the light, which agieas 
with the idative displaccmonts actually ohseivBd (vol i, p 134) With the exception 
of the straightness of tho lines the lost expcumeat lepioduoea exactly the ehaiaoleustio 
movements which took place at the lime ot the California eailhquake The lettem in 
figs 7,8, sod 0 correspond to those in figs 5 end 0. 




The forces which caused the luptuie at the fault-fdone ore mescured fay the distortion 
of the lock theio, and if we con deleumne the angles whioh the fanes A’O and C”0 
(fig 0) msko with J.C at 0, we eon estimate then farces, then angles ean bo deter¬ 
mined approximately fiom the analogous angles at V and It. Let us determine what 
the lattoi angles aio The linea A*B? and CH? are constnieted fiom Dr Hay fold's 
summaiy of the lesults of the snivqya oliesdy man firm md have the some curvature 
as tho fanes A m ff and CD? u fig 5, the data (vol i, p 138) may be odleeted in a 
tablo as fallows 

T*na 8 — Ouplsanaili ScIwhm 1/ iiri III Brntga 
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It will bo obaoHod Hint thioo points oic dclm mined on the anstoin line neu pnmigli 
to the fnuU to cnnblo us to diaw the lino lanly wdl and to oxlcnd it to tlio InulL nt DF 
(fig 5) Wc liavo buL two points dclci mined on the wi-toin lino nnm lho InulL, whioh 
me not enough to doluinmc llie cluuncbn of tho lino, but a thud pomL is dnimimimH 
fiom tho loci that BF must be about 0 melons lioin LF, and we can thcrulure Uiaw the 
western line lanly noil also Its gcncial foim is hko tliat of the onntinn lino, but its 
cuivatuic is bomewfaut lev- Tina is prolnhly in put duo to tho foot tliat the looks on 
tho western aido of Ihc fault oio moie ligid than those on the casloin ado, for foimei 
lnovomants an tlus fault ha\o laisod tho western suit relatively to the custom and 
hi ought the moio ligid ciystollino locks neucr Lho Buifaco 

In fig b BFBF — O'O* - 0 9 molar, tliat is, half of 18 iiieLem, the total relative dn- 
plocomont of A' and C between tlio two Miivoys; and unco 0*JU* is a bltlo loaa than 
half the total dip, on account of tho giealci iigidity ol tho wchIqiii locks, wo may aslt- 
malo it aL 28 inetoia Tlinofoie OfJS'oquala 1 9nietaia, and OFBF is 117 tunes OFBF, 
and unco the cuivcs A'BF and A'BF uc both euivcs of claslie disloilion of tlio samo sub- 
stanoc the nnglo at BF mint bo 147 times that at BF 1 Wo can measure tho angles at BF 
in fig 5 uid we find it 1/2,600, tlioioloic lho anglo at BF is 1/1,700, unulaily wo find 
the angle at Jf to be 1/1,000 

We con dalmmuiotho farce ncansuy to hold tho two aides togcthai bcfaio lho rupture, 
whioh must euotly have equaled the fitiom whioh caused tho biook Thofmooporsquaio 
cantimotor Is given fay the expression ns whine n is the aaolficicnt of sihaar and s is the 
shear, mcasuiad fay the anglo at O oi BF foi the western sido of tho fault, m the anglo at 
O or jy fat tho eastern side We shall seo full hoi on that m the myslalhna locks below 
the suifaco tho stiain was somewhat gicatsi than at tho suilaco, so that wo may assumo 
that the anglo coiiaspoudlng to BF lawn down may be as high as 1/1,600 

Tho Qxpcumouts ol Mcssis Adonis and Cokor l givotliiOYaluo of n foi giamtoas2 x 10" 
dynes pu squaio contunelor (9)900,000 pounds pa square Inch), tfamofoic the foico 
nniw.Ty to pioduco the ealmmlcd. disLoiUon at tho fsull-plaiio at a short distanco below 
tho suifaoo Is 1/1,600 of this, u 138 X 10* dynes par squaio contuncla (1,980 pounds 
par square uiah) Thao sic no vmy sathifaclaiy doLumlnationa of the stiongth of gian¬ 
ile undor puio shear, tests made at Lho Wala town Aisanal 1 gavo values langmg between 
about 12 X 10" and 19 X10" dynes per Btpiaro conlamola (between 1,700 and 2)900 
pounds per square inch), but those values aie apparently too small, foi tho spauaians 
wac sub]ootod to tensions and oompioserans ns well as to shear Tlio rook at a dialaimo 
below the suifooe would piobably have a greater rcsislanoo to ahoar an aooount of pressure 
upon it, and mmeovor it has not boon subjected to tho changes of tompastore, ate., 
which tin surfaco looks oxpaumoe, so that it probably has a Btiongth greater than the 
highm figure given Wo must tharafoie concludo that fmmor luplurcs of tho fault- 
plane me fay no moons entuoly healod, but that this piano stub somawhat loss strong 
than tho suiiounduig rook and yidded to a smaller force than would have boon nooeBsary 
to bisak tho solid look This idea Is Bliongly suppoitod fay a oompaiison of the distance 
to whioh this shock and tlio oaithquako of 1886, at Chaileston, South AmJim, made 
thomsdva felt With a fault-length of 486 km (270 miles), the finlifimmo wthqn«i« 
was notued at Wmnamuooa, Nevada, a distenao of BOO km (860 miles) at right angles 
to the fault; whereas tho Charleston. earthquake, whh a fault-hue certainly loss thnn 


1 This raaanmng la not pnfbetjy rigid, tho rimllulty of tho Unas A a B? dfponfU upon tho almllniity of 

_ini nt np dining tha intarvola betnoen tin I sod II, and tho II sod III aumy* Than won pnb- 

iblj hirir ■lultr, u tha difllnanao batman thorn iq i nai li tho itnln added bat wean tha n ana III 
anivqyawhuhwaaaDjyBfkEcUonaf tho total about at tbadmo of tho bank, and the milta obtained 
«j««nH||| emmiil ton mil —t !■ —y h»y—| 

1 An Lnaadnfaon into tho Baade Oonnuta of Boate Vtek D Adana and Snort Q Ooher, 
oOftanonof Wuhmaton.FShUeadoiiNo IS 1S00 

bofTnteofMoUa^aETdi^M^hoWntertoWnAiaeael, 1800,1804,ISOS Wnrtlngton, D 0. 
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40 km. (26 nnlesl long was felt slightly in Boston, a distance of 1,350 km (850 train) If 
we assume that Ilia vibrations fiam the two distui bonces had about the same poiiods and 
tJimf. A cm tun accdmahan u nocesaoiy for a ahock to be felt, we find that the ampli¬ 
tude at the vibtatum must have been about the same at Boston and at Winnemuoca, fbi 
the two shocks, lespeetively, aa the amplitude would diminish raveibdy Bo the distance 
fbi the Chulebton —ithqmifafr but much moie slowly fai the California euthquake on 
account of the length of the liault-line, the amplitude of the fanner distal banco mast 
have been many tunea aa gieat aa that at the Inttm at the same diatonce fiom the ongm, 
and the intensity must have been very many times gieatei pel unit area of the fault-plane 
for the Ghuleaton euthquake than loi the California earthquake 
The above calculation of BbesBe** epphea especially to the region noith of Bon Fianoisco, 
to the south the slip at the fault-line was, m places end perhaps lor ell this put of the 
faulty somewhat smaller At Wnght the dip on the fault-plane m the tunnel is given 
fay the aa 5 fact, and the west Bide was shifted towairi the noith (vol i, fig 42, 

and pp 111-118) This m a case of elastic rebound aa at othrn porta of tho fault The 
character ol the material m the tunnel and tho nummoua dacha m the aunounding moon- 
tun, one of which shows a iclntive alnft opposite to that general!} observed (p 86), 
load us to aspect mate oi leas nregulanty m tho distortion of the tunnel, which is con- 
fiimed fay the fignro The groataat angle of *heu must bo something mate than half 
tho slip at the fault-plane divided by the distance over which tho dutoitian n distnbuted, 
this gives 2 6/6,180 or 1/2,000, approximately Hie angle of distoition is appuently 
slightly leu hete than furthm noith The smaller dip in the neighbailiood of Colma, a 
little south of Ben Francisco, may be due to the paitial relief of etiun fay the euthquake 
erf 1888, for It shows that this iegum was andor less atiam at the tune of the II survqy 
than the region further north 


We aen also deteimine tho work done at the tune of the rupture, it is given fay the 
piodust of tho fuce pel unit area of the fault-plane multiplied by the one of the plena 
and by half the slip If we take the depth of the fault at 20km (12 6 miles), tho length 
at 486 km (270 miles), the avengo shift at 4 meters (18 feet), end the force at 1 X 10 1 
dynce pel square eenfametm (1,460 pounds pel aquue inch), we find for tho work 176 X 
MP 1 ergs (18 X 10" foot-pounds), oi 130,000,000,000,000,000 foot-pounds 1 Hub encigy 
was stated up in the lock aa potential enmgy of daotae Strom immediately before tho 
rupture, when the rupture oocuned, it was transformed into the kinetic energy of the 
moving mass, mto heat and into enorgy of vibrations, the firet was soon changed into 
the other two When we consider the enormous amount of potential energy suddenly 
Bet free, we ue not surpiiaed, that, m spite of the large quantity of heat which must have 
been devdopt on tho fault-plane, an amount waa tranatonnod into elastic vibrations 
large enough to accomplish the great damage resulting fiam the earthquake and to shake 
tho whole world bo that seismographs, almost at the antipodes, recorded tho shook 


In —mining what forces could have caused tho slow displacements which brought 
about the strains existing m the regum before the rupture, we note that gravity does 
not seem to have been directly actave^ ob the displacements ware praotically honaantal 
Any fane except gravity could only have been applied to a boundary of tho regum 


* It w pnlalile that fhs anurna strain was not prodaeed at all peril of fha bnlt-plsaa, and ops- 
aaSf not use iti ewk, but ihn tbo reels broke at one pleee, the etna wee threwn upon aibacent 
peite eal the fiaetnn Hue earned along, uthie wav tbebult waa pntaty made mnehlomB flan it 
lwMnilHvIrh’Btaei. Tine aorela—hoa Issde no to put the mannaum w at throe qnerteie 
(lie win* dWvDtadkAd ftom the dUsrhon of the reds 
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moved Time is no duect evidence that forces biought into piny by tho general oom- 
pienon of the nuth thiu cooling 01 othaiwho were mvalvcd, foi Iheio is no evidence 
thw* the suitace of tho emth wne diminidil by the fault It n tiue that the surveys 
did not extend over tho whole length ot the tault, and thoiofoio me noL decisive on this 
point, but so tar bb they went thoy show an extension of tho icgion between San Fran- 
qiboo anxl Monteiey Bay, between the suiveya of 1851-1805 and 190U-1007 

A filiong, aheaung foico would bo pioducod along tho fault-piano by loicos making an 
angle m the noighboihood of 45° with it, that is, by mthm tansiona or oompioBHiona in 
direction^ loughly noith and aouth 01 eaaL and west, 01 by a combination of the two A 
tension alone could not have caused the lupturo, foi than Iha sides would hava boon pulled 
apait, an east-west compiesBion would have hi ought Mount Diablo and the FuaUon 
Islands ncaier logothei and would have imnusod tho obseived lolatlvo movements on 
opposite sides of the fault Tho suivoya, altho not entiudy deowivo, an against a north- 
south compicesioa, and, moieovnr, the clastic distoilion accompanying a compression 
which eould pioducc a fiaoluic 485 km long would not have boon lcstiiclod to a mne 
extending only 0 or 8 km fiom the fault-plane A ehoai ora tod by forceB paiallol with 
the fault-piano on tho eastern end western boundsiios (whioh is equivalent to a noilhr 
south compression and an east-west tension at the boondaiioa) with no ream Lance at the 
undoi surface would have piodoood an even ahoaimg strain thiuout tho region botwoon 
thorn, and straight lines would havo been changed mto other straight bncs, exactly as 
occui i od in the axptn imentB described above and illustrated m figs 8 and 9 An additional 
oompieaBion oi tension in any dnootion would not hove 
alteiod thuohaiactciiBtio Similar foroes on tho eastern 
and western boundaiies with foioes at the undoi suitaoc a 
resisting tho movemmts would have produced some 
Buoh distortion of the straight Imo AC into A'C* as 
shown In fig 10 Tho tendency to niptuio would bo 
greatest at A' and G and least m tho noighboihood of 0; It la evident that such foi oes 
eonld not have pioduced a lupturo at 0, and tho displacements am not like tho dw- 
pHaomanlB observed 

Tho only other boundary la tho undci aurCaor of the movod region, and it is hero that 
we must suppose tho diatuifaing forces npphod, and they must bo distributed over this 
auifuo bo as to pioducc tho diatoilions obsinvod. 



true conditions of the earthquake fault This was tiled, but tho lolly was not swung 
enough to veaut the forces devalopt during tho displacement and the break woo quickly 
extended all the way thru the jdly It la not diffloiut, however, to aae what forces would 
be developt under those eireumatanaas There am two eases, ibst, auppoae'there exists 
below tho crust a xenon pnotually devoid of dasbmty, m whioh anfy vuaous foroes can 
act, and suppose thefault extanda to tins region, we than eome back to tho last case oon- 
tho dastao dhareoter of the rook extends wall bdow the lower 


so whot forces 
suppose" them 




depth, even tho the strum continued farbelow tho fsuH as great so they were within 
limits Let us consider tho nature of tho distartum produoedin Hus case. We dull si 


pose tho reek under elastic shearing strain, and when tho rupture oooure, tho dwonng fanes 
across the fault-due, which upheld tho strain, era airnnuad and tho rook talma a new 
pomtum of eqmnbnam under fee new foroes brought Into nation, In such a way that tho 
auifaea lino AHJC 1 (fig. 11), straight mat before the rupture, afterwards talma tho pamtaan 
AW, DW. Bdow the limit of tho unit no dhonu takes place, but the original verticil 
dans thro AWC' baa been broken and warped, aonenna no dinaeamant bdow the fault, 
nut gradually inanaung its dutortum untal it "" T 0 """ to Afr and JDW at the mufam. 


and && at the mufam. 


24 


BBPORT OF THE OAIIFOBHA EARTHQUAKE COHUISSION 



r* 


An element of the wuface a, on the eastern ode of the fault, boa been displaced to of and a 
TBitiaal line, afa, thru a has been distoited into aV bv an elastic iheai Hie foices pniallel 
with the fault acting on the dement in its new position aie a sheaiing faico to the bouth- 

eul on its noitheastcin fare, one 
to the noithwest on its wulh- 
wectern fuse, one to the noilh- 
west on its undei suiface due to 
the sheai in the veibeal plane, 
foi enuilibiium the sum of Iheue 
must be wo, theietoic the diet¬ 
ing foia on the noitheastcin face 
must be grpstei tlinn that on the 
snulhwebtein, thibielation holds 
toi the whele length of the line 
D'C', the sheai mg at leases theie- 
fore must become gicatei as we 
leaie the fault-luie As the 
sbains aie piopoiLional to the 
stieews, the cunatuie ot the 
line jyC must become gientei 
the further we go fiom the fault, until we leaeh the boundaiy wheie the foiccs aie 
applied This is tiue whethei the faiaes me tangential forces applied along a baundai} 
parallel with the fault, 01 a gsneial noith-*outh icmpiessum ana an east-west tension 
The surveys, howevei, on the east wde of the fault, wheie alone they aie sufficiently com¬ 
plete, show that the cuisatuie of the distoited hne was gieatest neai the faultrhne, they 
could not, therefore, bo due to a genei al coumicssion and o\tenaon nor to simple tangential 
foioes, but the distorting foices must diminun with distance fiom the fault-line, this could 
only hold if they weie applied at the under suiface, which bungs us back to the oonclnaion 
elieedy leaohecf 

Let us suppose the straight line WOE m fig 12 to repiesent aline at light angles to the 
fault m tho unshoincd condition, let this lino bo slowly distoited fay the applied foioo* into 
the full line WAOCB just before the rupture We havo hmetofoie only coasideied the 
legion between A end C, that is, between Mount Diahlo and the Farallon Islands, but we 
now extend oui consideiation to the whole legion moved It is evident that the displaced 
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area must have some limit, the suiveya only coveted the legion between A and C, end 
theiefarc thiow no light on whet ocauned at giester distances fiam the fault Theie is 
no lesson whateia to believe that other xupturns and slips oceuired outside the legion 
between A and C, theio Is a gindual diminution of the intensity of the felt dibturbsnce 
as the dbtonoe fiom the fault lnmeasas, with the exception of tho Saciamento Valley, 
wheie tho alight mciease is entire!} aocountod for by the alluvial ohsiseter of the pound, 
thus indicating that tho whole distui bonce originated m the one fault The gieat intensity 
m the San Joaquin Valley may possibly be due to a local rapture, but this lies only 
opposite to the southern put of the gieat fault and does not affect the general ugu- 
mant* which ia especially applicable to the legion north of Son Francnoo Weaanalude 
therefore that the displacement giodually due out to the west of A and to the east of C, 
tho it may continue foi a very great cfastance, end we amurne that the hne of displace¬ 
ment becomes asymptotic to the undisturbed hne WOE at some distant points, TF and E, 
which would be chuacteusfac of any displacement gradually dying out The shearing 
fane at any pant of this hne is proportional to the shear, which equals the angle at that 




PERMANENT DISPLACEMENTS OF THE GROUNDS 


25 


point which the line imfa. with iN oiigual unetiainod dncctuxn We have leprobentod 
the value of this foicc by the hiokcn hno WffUFB in fig 12 Si ailing at W where it b 
■eio, the shcoung fbiee becomes negative, tliat ia, it v» dncdcd 111 a soutlicily duocUnu, 
leaching a negative maximum at O', whore the displacement eui i c hat a paint of inflection, 
it then diminalus m value, becoming aeio at A,wlraio the displacement euivo it paiollel 
with ita oiiguial dnocLion, it thon lncieaaaa lapidlY m value, loaolung a positive maximum, 
L, at 0, the point of luptuic, the aheanng foico to the east of tho mpluic lias emnewhat 
the aamo value it has at an equal dbtonco to the west, tho symmcLiy ia not lequircd 
Tlio total shoaiing foice which we hoie doloimined n not the foicc appliod at each point 
undei oonaidoiation, but b equal to the eum of all the foicea applied to the eeat oi west of 
the point, the actual foico appliod at each unit langlh of tho line b piopoilional to the 
difloienco m value ol the toLal shoaling loico at points a unit distance apait, that is, 
to tho angle which the line lepmcnLmg the total sheaung foioc makes wiLh tho hno WOR, 
it ia represented fay TfGDOFHB m fig 18 Staihng with a icio value at If, it find has a 
small negative value but bocamaaino again at G, it then becomes positive and ineicasea 
to a maximum at D, where the Imo of total ahem hns a point of inflection—and dies down 
rapidly to aoio at 0, whole tho total shear is a maximum, it has somewhat similar but 
oppauto values to tho east ol 0 


o' 
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Without masting an accuracy m small details tho full fane In fig 18 draws in a gonotal 
way the rolatrvo dislubuhan ol the foiccs, appliod at tho undor side of lira moved lagion, 
which bi ought about tho California caiLhriuoko 
Thodislnbution of tho total shearing foiccs draws why m 1900 thoic was no bioak at tho 
Ilaywaida bull, whom tho break ocouucd which caiuod tho oaithquako of 1808 Tina 
fault is about 30 km (185 nnlcs) oaaL of tho San Andioaa faulL, and thoioToro m lira 
maghboihood of C (fig 12), where tho auivqya (lotootod no (baplACcmonl relative to 
Mount Diablo, m this region, bb tho figure shows, then was piactically no Home, 

and tkorafoic no biaak occunad Ptm lira aamo loaaon (lime was no ruiituie at the San 
Biuno fault aoulh of San Raneiaoo Tina faulL is 1 km (2 G mil os) oast af (ho Sun 
Andreas fault and at that distance (fig 5) tho shooting fbreo was only about ono-thlrd 
aa strong aa it was whom the luptnie actually ocouirod Wo have seen that tho olaatio 
strain was probably accumulating for 100 yean, it is qinto paaaiblo, thon, that tho 
earthquake of 1808 partially lohovod tho atram for somo dntanco south of San lYanoiaco 
and that there would have boon no fraetuo m this pul of tho San Andreas fault If ad¬ 
ditional b tiaras had not boon thrown on it fay tho rapture of tho fault-plane further north 
It is to bo notued (hat tho dutaaoea from 0 to A and from OtaC, bqyomd whioh no 
distortion of the looks occulted, wore probably lass than 10 km (0 milaa),and tho distances 
OG and OH, over which the dutoiling forces were dntiibutod, wmo probably ten or nunc 
tunes aa great, and the total ana over whioh thqy wmo applied wbb many times as gnat 
aa the ana of the fault-suitnoe, tho applied forces wete therefoie oooalderBbly ■Milw 
per unit aiea than tho Bhaanng farces at the fault, fai the sum of all these foroes on 
ado of the fault-plane must have equaled the shearing fmcoot that plane pin the small 
aheumg foice at G or H, due to the alight revsne curving at this paint 
As tho dragging forces an applied at the base of the crust they have a wiwm—it about 
its center of gravity whioh is belancad by the moment due to strengor end greater dnara 
near the bottom than near tho top at the paints G, O, and H (fig. 12); and Imm at differ- 
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ent distances below the euifaoo which wete straight and at right angles to the fault when 
the rock was unstiainad became distorted m different degieea, the distoihon from tho 
Bui face downwaidfl being somewhat as shown u fig 14, wheie the thiee lines illustrate, 

in an exaggerated wag, how the distention ot stisight 
lmea vaiiea fiom the surface (1) to the bottom (8) 
Both the sheeting strain and the strength of tho took 
increase with the depth, but the rate of neither re 
known, the depth at which the rupture (net oooura is 
the depth at which the sheeting strain becomes too 
It is pretty ceitain that this would not be veiy near 
the surface, and also that it would not bo at the lowest part of the subsequent fault, but 
somowheie between those two points, tor, whatever the rupture began, the strain must 
have been mei eased on all sides, the fiactuie must have been extended downwards os 
well as in other dnactions, until tho strau was generslly relieved Tho determination, 
by tune observations, of the oirguiH of the eailiest disturbance and of tho beginning of 
the heavy shock place them between tho surface and a depth of 40 km (26 miles) 



IlO n 

great for the rock to withstand 


OB THE SLOW 

We have no information regarding the absolute displacements of the land at a distance 
from the fault-line, we merely know that lelative displacements occurred betweon the 
suivevB of 1861-1865 and 1874-1892, and also between 1674-1862 and 1606-1907 We 
have foi the sake of simplicity assumed that the regions at a distance from the fault and 


w 
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Fra is 

on opposite sides experienced nearly equal and opposite absolute displacements, but tins 
u entirely unnecessary It is possible, indeed piobable, that tho region on one sido of the 
tault and at a short distance from it remained stationary, and that the slow displacements 
were all In one directum The foot that tho eastern aide was above, and the western side 
bolow the sen-level, does not m the least mdieate which side remained stationary, but the 
constancy in length and direction of tho line from Mount Diablo to Mooho suggests that 
tho eastern side was not disfdaced, for it seems improbable that, if this side had moved, 


w 
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the displacements would have been so nearly alike at the points mentioned that no change 
could be detected m the line joining them UndertimasBumptionaurcurveof displace¬ 
ments takes the form of the full line in fig 15 instead of that m fig 12 The curvature 
of tins line between A and C is the same as m the former ease; to the east of C the hne is 
straight, and at Borne paint to the west of A it ogam reaches its unstrained position The 
total shearing force ( re p re s e nted by the broken line In fig 16) has practically the same 
values as m the former ease, except that it dies out near C, and the applied forces per 
unit area (full line m fig 16) do not differ materially from the former ease except that 
they do not extend farther east than C 
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A POSSIBLE OHIGH OF THE DKFOSMIWG FORCEB 

The laatomiig so foi has been aiiictly along dynamic hnos and the icrailte may bo 
accepted tilth nonic confidence, but in attempting to find the oiigm of tho foiceB which 
pioduced the deloi malum we hate boon study mg, wo pass into tho icgion of speculation 

Tho theoiy of laoataay, which has been shown to bo tiue on bioad lmu by geodetic 
ofaseivabons, lequues that thoie bo flows of tho matanal at bomo distanro balow tho but* 
face to icodjiut tho cquilibimm dostiovcd by the oiosion and tioiupoi latum ol mafanial 
at tho Buifaoc This suggests that flout below tho surfaoo may have been tho oiigm of the 
foices wo have boon oonwiloiing, tor as Dr Hoyfaid has pointod out, 1 such Aowb would 
exait a diag on the mataial above them Urn isoatatic flows aio tho duoet laoult of 
giavity and thoicfore easily undeistood, but no explanation has been found for the flows 
Buggobted as the oiigm of tho forces in the case under oon&uloiation , novel Ihdem, as the 
foicea must have been exated at the lowm smface of tho moved iQgion, it is woith wlulo to 
dcteiinino the ohaiaotei of tho flows which could have pioduced them faces, and leave 
to future obeei rations tho decision as to whothm thoy i rally exist or not Without 
assuming esact pioportianahtY bolwoen tho flow and the diegging face it oxmls, wo 
can say that tho flow would bo in tho same duoctions as tho foice and would moronse and 
demesne with it Theiefote the flow can be infcucd bom tho diagram of foicos m figs 
18 and 16 Li the hiat case Ihqy consul of a flow to tho not thbolwoan trend 0, end a flow 
to the south botwecnO and 27, they would not bo unifum, but starting with a wo value 
at G and II, thoy would increase to maxima aL U and F*, and dcoieoso again to aeto at 0 
The face between W end 0 ,27 end B, would not bo due to flows but would bo due to tho 
resistance to the displacement of that pai l of Lhn must by tho umlislurbod matoiial below, 
this displacement being duo to the diag of tho flows noonn the fault, transmitted elasti¬ 
cally thru the crust to them regions, this is indicated by the ravin sod ou nature of the 
line of displacements m flg 12 Tho pnnmplo of continuity would naturally load us to 
suppose that the flows wmo comioetod beyond tho nmthcin end southern ends of the 
fault, these portions of the flow would be bo fai apart and would have so dun t a langlii in 
oompanson with tho poilions flowing nmth m eoutli flint thou offoebB would bo lolativcly 
insigmScant It may appeal that thine u a suggestion hoio of poipolual motion, but this 
is not bo, ell stoady flows am mdoocdciieaUs, and it Is anfy mease we should disragaid 
the neceuaiy of a propa supply of anmgy, that wo should foil into thn fallacy of perpetual 
motion 

The line of domarkation botwean tho northmly and southmly flows need not nocossorily 
lie exactly m the fault-lino, but sufficiently near it foi tho glowing ehoai Ing foioo to roaoh 
the bmiting strength of the rooks at that point bofora it did at other points; nor Is It noc- 
cssBiy to suppose that the flows remain dlhor constant in stiangth or in position; the con¬ 
trary seems men probable; for if, aa is natural to suppose, the farces which caused the 
earthquakes of 1808 and 1006 were of tho same ganad dhaiaotar, the region of gras teat 
shear, that is, the boundary between the flows, must have been In the neighborhood of the 
Haywards fault, about 80 km (186 idles) further east, In 1808 Indeed, the displace- 
manta whieh occurred between the fliat two s ur v ey s Indicate a somewhat diffoent dmtn- 
butum of the flow from that suggested to explain tho later displacements 

At first thought we might suppose that the movemont of Mount Tamdpaia In opposite 
direotlonB relative to Mount Diablo in the two intervals between the surveys would indi¬ 
cate that it wee on opposite sides of the boundary during these intervals respectively, 
but this would not necmsanly follow During the whole time that strains were bring set 
op dlpomts west of C moved to the north wrtbmspeot tort, this relative movement m 
the second mtervd Is represented on the eastern ado of the fault by the dotanoes between 
the lmes &Q? and m fig 6; and if we oonsidar the curves In the figure as idnrilar 

1 Ite Gaodetae Erldaooo of bostw. John F. Hsjfonl. Ana Wsthlhgton Aad. at M, lMBi 
vnL tii, pp. aS-40. 
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omves, it can be slum n that these distances aie a little leas than foui-teothe the obseivod 
distonco between Olf and CHf, at equal distances fiom the fault The obtaved 
■aoutheily diapkc ament ot Mount Tnmalpais between 1874-1802 and 1000-1007 was 0 58 
rnetn, its no it hotly displacement between 1874-1802 and the beginning ot 1900 must 
have been about 0 23 metei, and theietoie its actual southeily movement at the time 
of the oaithquako must have been 0 8 metei, and the opposite diajdanemants of Mount 
Tamalpais m the two inla val* would have oocuned independently of the shifting of the 
undeigiounil flows 

If instead of oonaideiing the displacements icughly symmetncal and in opposite dimo¬ 
tions on opposite aides ol the fault-line, we piefcr to oonsidn that they were ail northeily, 
the conditions me lepiesented in figp 16 and 16, they aie satisfied by the supposition of a 
single, noitheily flow extending foi some distance to the wc*t, mcieaamg to a maximum at 
D and diminishing inpidl) to aao m the nmghboihood of O (bioken lino u fig 16) The 
southern foioo between O and C would be lefeiied to the leantance whioli the undeilymg 
mateual would ofiei to the displacement of the amt abate it 1 

1 llr Biilaf Willn, on account of tho buna of tho moon Urn rangw boi deling tho Ptanflr Oican, 
ban conoludaa that tho bad of tho oecan in spnodine and crowding aguiut tho lann Ho thinka in par- 
bcnlar that them n a nmol lubwihe flow towniaa tho north whim would produce ntanins and aai th- 
qaakm abas tho nfin amt of North tuna Soianoo, 1008, ml xrrn, p 60B 



ON KASS-HOVKKKNTN IN TEUTONIC EARTHQUAKES, 


THE X0VEKEKT8 BETOBB AED DUJUHG EARTHQUAKES, 

Tho following is tho conocpUcui of Lho events leading up to a Lcclomo om IhquAko and of 
the eailh-mo Yemenis which lake jdnee at (ho limo of tho i upturn, as dcvolopod by the 
ohseuabons and atudy of tho California oaiLhquake and fay tho comparison of then 
ob&ervaboin with what has boon ohuaved In olhor gicat oaiLhqunkas. 

It n impoanblo for rock to luptuio without flist being subjocLcd to clastic attains 
gi cater than it con cnduie, tho only imaginable ways of lapidly sotting up *hww» attains 
oic by an cxploaum 01 by the iapid witlidrawal, 01 nrjiwmi^ijew, of mateiial below a poi- 
tionot the eiual Both explosions and the iapid flow of indlon lock are a&ocmtod with 
voleame ei upturns and with a ohm or oaithquakoa not undci piosont diaeuBaion, alnoo 
eaithquakm oceur not omoeuted with volcanic notion, wo eondudo that tho crust, in 
many put* of tho ooiLh, is being slow ly displaced, nnd the diflatonoo between displacements 
m neighboring legions sots up dastio strains, wlnoh may booomo gicater than the rock can 
cnduie, a luptuio than takes place and tho attained 100k rebounds nndm its own elastic 
■'bosses, until the stiarn is hugely or wliolly relieved In tho majority of eases, such as 
when theielsagonoial difleicntial elovatum or dopreeBion of adjoining aroas, or whoio thcic 
oic hoiisontal displaccmcnls, the clastic lebouiuls on oppouLo wdnw of the fault are m 
opposito directum* The dirooliona of Uio slow idobvo on tho two «h«b 

of the ruptuie and of tho clastic rebounds, all of which oic punctually puJld with —li 
othei, may bo veibcal, houaontal, m m«liinni 

The sudden displacements, which ocour at the tuna of an aarihgiialw^ am iwnflnwl to a 
■one within a fow kilomebna of tho fault-piano, beyond which only tho disturbances 
to dosbo vibiatumB aic ovpci lanced Tho distilliuLion of the disloition of tho rock at tho 
bme of the California ooithquaLo shows that tho clastic lobound nd consequently the 
elaa bo shear waa graatly cancentialed near the fault-piano and wan much icducod m 
intensity at even short distances horn iL, tins eoncontiation of tlio shoai brought about a 
stiain auflunent to cause luptuio aftoi a comporalivoly small idative dnjdaeomant of tho 
surro undin g regions, if the shear hod boon mom uniformly distributed over a widor 
rqguni, a larger relabvo displacement would have boon nocosBaiy to «»««* a luptuio and 
there would have boon a gi eater dip at tho fault-piano Therefore, altho it la Quito oon- 
oeivable that reglone at a dislauoe apait of, let ua say, aovaral time* 20 km,, might be 
idabvdy displaced end set up a stale of daabe alram m the broad lnlmvomiig area, it 
would bo neoessaiy that tho idativo dnplaoomonis of tho Hintant legions bo at 
least eoveral jjmee 8 meteis, rn ordflr that thfl rtwn llhniilri ha«nm<> g»— t wimng li in flailSft 
a ruptuie, end if the strain wore lose wwwwitiatoil it waa in Californio, ft* idabvo 
displacements would have to begioatei still ItieoiilymthooaBO of vuy largo oarthQuakea 
that a dip as grant as 6 mates ooenia, and we may therefore infer that it is only in the 
case of large earthquakes that the sudden dasbc rebound is appreciable as far ae 8 or 
10 km. from the fudt-plaiie 

The rupture does not occur simultaneously at all parte of the fault-plane, but, on 
aoommt erf Ihe dastio qualities of the nek, it bogina m a very limited area end spreada at 
a —***** u i l tj tr* t m mp inwilnn e l —nr *" thrr rnwfc- 
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We ahould expect that the dow accumulation of strain would, m genaiel, reach a 
TTinTTnmm vhIub and bting about a luptaie m a single, comparatively noiiow fauh-xone, 
and this » piobably what occuia loi the majoiity at tootome earthquakes, but it is quite 
conceivable that the attains ahould Income so gieat along two 01 moie separated aonea, 
that the vibiataone, aet up by the i upturn of one, might be sufficient to begm the ruptuie 
of the aeeond, oi indeed, that the lekaf of Bhain at one might cause additional strain at 
theothei and thus atait the luptuie there, tho this seemb improbable if they are as znuah 
as 30 01 30 km apail But it does not seam possible that luge blocks of the eaith’a 
crust oould be ■suddenly moved aa a whole, if the matenal undei the block slowly sank, 
the elasticity at the lock would allowtho block to follow, still resting upon the substratum, 
and only a aone hstwesn the Bmkmg axes and the surrounding regions would be elastically 
strained and expeiience a sudden elastic inbound when the rapture ocouned, and if the 
sinking ataaweiQ huge, the megulanty of the movement would probably bring about i up¬ 
turn on difieient sides at widoly diffeiant tunes II a hnnted region should be elevated, 
exactly the opposite movements would take place It must not be infeiied, fiom what 
has been said, that small naizow blodm, from a few meters to a few kilometers m width, 
may not be raised or drapt as a whole, but they should be lookt upon as small blocks, 
framing a part of a single fault-sone and playing a very mmm part m the general dis- 
tui banco of the eaithquake 

The Ifinn-Ownn earthquake of 18DI, the Foimosan eaithquake of 1906, and the Cali¬ 
fornia earthquake of 1906 are good rases at earthquakes pi actually with a single fault- 
sone, whereas, the gieat eaithquake in the central part of Japan m 1896 resulted from 
fractures slang two raughly psnllaL lault-plsnes 15 to 18 km apart, and the intervening 
region was elevated 1 to 3 meters, one of the fractures was considerably longer than the 
other, end theie ■ no evidence of any oauneobiig fractures, which would separate the 
elevated region into a Uoek, the faults apparently die out, aa faults usually do, end 
the elevation dmunibhee towards their ends and finally disappears completely The two 
fractuies occuired at about the same txma, but no determinations were made exact enough 
to show that they occuned simultaneously The sharply defined anas u Iceland over 
which the earthquakes of 1896 wme severally feh suggest that they were due to the set¬ 
tling ol successive blocks, end this idaau atzwgthened by the fast that fheragum is deprest 
and sqnratsd from the lugger adjacent region by a fault But the description given by 
Dr Thoroddsen 1 doec not indicate that the mdmdnal areas mentioned are bounded fay 
faults, nor does he adduce any evidence that they sank at the tnne of the shocks, the 
he does dasaibosomo large fissures which ran amass several of them Iceland is actively 
volcanic, end the descriptions of it suggest a vesy mobile condition not far below the sur¬ 
face It this condition really exists, it would bo much easier far cracks to form at approxi¬ 
mately the same txma and break up the eruat into blocks there than In regions whine the 
cruet leste on a fiimer foundation 

The elevations end depraenums about Takutat Bay, Alaska, which Messrs Terr and 
Maitm have described as due to the earthquake of 1899, Btrangly suggest the movement of 
blocks, 1 but the> did not find evidences of laullmgs an mare than three sides of a block, 
and that in only one instance, tho it must bo noted that they wan unable to examine 
mare than a very limited area and could not determine where the lines of fracture ended 
It moms possible that the displacements they desonbo might be accounted far fay an up- 
watd pressure, with oi without a oampmenan m a directum running north-northwest 
and sauth-cautheast Such a pleasure and compression would bend the rooks into an 
arch, with the surface under tension, and the rupture would ooour when this tension 
leached the strength of the look, the rapture would begm at the surface and 
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extend downnaids, and the ends of the biol.cn lock nould fly upwarda, just aa do the 
anda of a stick hi okra by bending, and an open hv.uic would bo fanned at the principal 
fiactuic, but along the aide eiacln tho relative elaatie rebounds might bo in opposite 
dueotions and the pub* might lomam in contact The pimcipal (lecture would bo that 
in Disenchantment Bay, but no soundings have been mado thoio to dncovoi the existence 
of a fireuie Fissures anil du|ilamnonta ol this character, due piobably merely to com¬ 
pletion, but on a veij small soalo, hevo been doaciibod 1 

We know\ory little about the intei 101 of tho oaith 01 of the oiigm of the foioca which 
pioduco such gicat changes at the auifaco Gicat thiuet faults trust which Indicate 
tangential eompiesnana, and noimal faults, which indioato expansion Gnat uplifts 
have oecuired unaccompanied by oompiesaions, duo, appaiontly, to vortical foicca, and 
the California eaxthquaie has emphasised the existence of hoiisontal diags below the 
eiuat Futuie study miy leveal fences applied m olhor ways, but it is not going too fai 
to aay that whenever iupturn oooui, they leault bom elaatie sliain, and tho ■whim 
movements produced aie raeioly elaatie rebounds, and moieovm, except m tho caao of 
eaxthquahea canneoted directly with volcanic action, the attains have not been set up 
suddenly, but are giadually developed by the slow dibplaoemcnts of adjacent aioaa 
And severe earthquakes causod b> wlnwinfl sttama, veilocal, hpHppota 1 , or oblique, 
whme the elaatie rebounds are in opposite directions on opposite aides of the fault, whioh 
remain m contact, will be mote common than Ihoee duo to tho tensions! b trams of bond¬ 
ing, where tho dasbo rebounds aie in tho aamo duootion and a gaping Assure ia oponod 

IBS PBXDUCinXN ON BANXDQUAKBS 

As Btreina alsraya pieocde tho luptuie and aa the atiaua aie sufficiently great to bo 
easily detected before the ruptuio oeoma, m oidor to foioaoe aaithquakee it is 

merely ncoousaiy to doviao a method of determining the oxislonco of tho sbuma, and the 
rupture will in genual oocur In tho noigliboihood of Uio line where the Blralna aie gieatoal, 
or along an oldci fault-lino wheie the rook is woakost To mcaaoio the growth of strains, 
we Bhould build a line of piaiB, aay a kilometer apart, at right angles to the duoction whioh 
a geo l o gi cal examinataon of the region, or past oxpemanco, indicates the fault will take 
when the ruptuio oooui b, a careful dctmmmabon horn tunc to tuno, of the dlioolions of 
the hnea jornuig aucriwn ve piaia, then differences of level, and the axaot (balance betwoon 
them, would reveal any atnuna which might he developing along tho region tholmo of 
piers creases Li the case at vertical, hoi isontal, 01 obliquo sheare, if the auilaoo becomes 
abained thru an angle of about 1/2000, wo should aspect a aboug shock It would bo 
necesaaiy to atait with tho took m an unstrained condition, this could readily bo done 
now in the neighboihood of the San Audi— fault. The monumenta set up oloao to the 
fault-hne (vol i, pp U2-180) me not placed with this ofagoet m view, but with the 
objeot of measuring actual ahpa on dd fault-line. Meaaurea of the class deecnbad 
would bo e xt remely useful, not only far the puipare of piedietion, but also to reveal the 
nature of the earthrmovementa plaoe, and tlxiiB laad to a better undeistanding of 
the oauaea of earthquakea Lm rinflmt« ) Kut «frTI vafathfa, "d fWMtiim tmiii)» 
by the simpler process of determining, from bma to fc"*, the absolute direotaona of 
Farallon Light-house and Mount Diablo from Nwint Tsmalpaia, hythiameaiiB northerly 
or eouthcriy movereanta of 1 foot of either of the first two 1 s rslabvs to the third 

oould bo deteoted, sad we should know if atasina wsie being set up m the intermediate 
region, but we oould not tdl where tho strain was a mammilla nor to what extent it may 
have been relieved by small diaplaccreenta on iuterveniug fault-planee 

»"5 



82 


BEPOBT OF THE CALIFORNIA EARTHQUAKE COUHIS&ION 


It Beams probable that a veiy long penod will dai«e befcie another impoilant eaith- 
queke ocsuib along that put of the Son Audi ms nit which btoke in 1900, foi we have 
seen that the 'turns cauaing the dip wme piobahl) acoumulatuig for 100 yecis Thcie 
have hem no sellout aaithquokn lopoitcd along this put at the nft, except at its south¬ 
ern evtiemity, since the countiy has bean occupied by white men, altho strong earth¬ 
quakes have ocouned in noighboimg legions It seems piobable that mote consistent 
lesulte might be obtained leguding the penedicity of eaithquakes it only the eeith- 
qunkes occuiimg at exactly the same place wme consideied m the senes The Mussina 
euthqueke of Deoembm 28,1908, Beams to have resulted tiom a movement on the great 
fault pasting Ihiu the Stiaitc of Mesuna The last stiong movement at the same place 
seams to have occuiied in 1783, tho tho Calabiian earthquake of 1906 may have been 
caused bv a movement an anothoi part at the some fault 
It is quite possible, howovei, fm strong earthquakes to occui on neighboiing faults 
sftu shoit mteivsls The i upturn of the Hsywuds lault in 1808 and of die San 

Andieau fault in 1900 aie a fau example, tho the inteivel is lathci long Tho Iceland 
euthquckes of 1896, slieady itteiied to, illusliate this much better Five stiong 
shocks occuiied within fifteen days, hut they wme oentral, not in tho seme legion, 
but in legions successively moie and more to the west 
When a rupture oocuis, the elastic lobouzul may cany the aide* of the fault beyond 
theu positions of no attain, and the fnotion may tempoianly hold them theie, oi the 
fnotion may be so giaat that they do not ontudy reach these pomtioiib In either 
oaso further shooks may be expected betoie long, but they ue apt to be Blight, and 
aie more likely to oonstituto afler-ahocLi than Independent earthquakes 
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GHA1GEB m THE LSHOTH OF LIHXB. 

In the general dosonptiona at tho fnult-Liacc it ib ohown that when tho rupluicoccuircd 
thcie was a xmo ot v&iymg width between tho shilling aides which did not peitakeof 
then Bimple movements, but was iuoic 01 lew difaLoilod by tho shoaling Eoicct to which 
it was subjected Tho existence of tlin xono in alluvium 01 disralqgialcd lock may bo 
wv jiijinnH ovon tho tho tault wcic a ahaiply dohuod ciack m the uudcilying solid lock 
Let us suppose that the stiaight lino AOC in the lock (fig 17) hoe been biokrni at tho 
fault and d« pim»H mto tho two paifrs A'ff and D'C' If tlio alluvium wcic buUlo and 
with plasticity, it might be biokon and displacod m tho saino way, but if it wno 
piufci-iw, os it would bo if it wmc to some extent compos'd ot cloy, a pail of tho displace¬ 
ment would bo accomplished by shooting dntoibon, and tho allsct at the fault-piano 
would bo las than that of the umdci lying lock Closo to the rook tho displaocmonl of 
the alluvium would be vciy neatly tho same as that of the lock Qinoa 1 in tho figuic), 
at p—t" 1 d i %ta"* MM i howovoi, lha di&loilion in the vcitical plane would make ltsdf faltj 
tho offset would bo less, and tho displacement would bo disliibulod moio like the luien 2 
The alluvium might bo so thick oi piastre that it would sullci no Inook at the suifaco 
qi fwig tho fault-line, the whole displacement being distnbulod like line 3, this seems to 
bo the condition which pioduocs tlio echelon phase 
of the fault-tiaco in veiy wot allu\ ium,as dcsaibod 
by Mi Gilbert (vol i, p 00). 

Special ptnwnnimna. woio exhibited in this sone 
of ■tiannng distortion which might easily bo mis- 
undoi stood, but which can bo axplainod fully an 

mwnhftninnJ ptinClfdoB 

The sane was m some places only 2 to 0 fool 
wide, m othoiB sevmal hunched yaitU AYlicto it 
was bioad tho shift wait divided m somo caws 
among a numbei of cracks, m othcis it was dis¬ 
tributed moie oi Ion evenly over tho sone, in all 
casu, we havo a sono of gieater oi len width 
subjected to aheai, let us see what oompiesaions 
and wfafiMninw take place in it Let IP end B 
(fig 18) bo the eastern end western boundanee of 
the eheaied sone, whose width is Z end let IP move 
a Hiwtanwi a, short m comparison with Z, and lei 
all other lines paisllel with the boundaries also 
move a *■*■"«■ pioportional to their distance 
from B WN will bo the directum of this motion, 
the line Be, which makes an angle a with WN, a being positive to the right of WN, is 
shortened by an cd, and the simple geometry of the figure shows that the total 
■lmpfaiiiwig equals a cos a, Hus is independent of the length Be, provided only that 
the hnoJfb does not materially change its dueotum during the motion, this s, In general, 
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equivalent to saying that a must be email m with Be It is evident that if 

the line had the position El 1 , wheie J — a, it would ho lengthened by the same amount 
that Be la shortened 

Suppose we stand in the acute angle between the sheaiing none and a line creasing it, 
If the hne u an oui loti, as in tho position a (fig 10 ), we say it eiaeeeB the lane fiom 
left to right, if it is an our light, aa in pouLiou b, we say it moms tiom light to left 
Far the same lino it males no dittmcnce whethei we ue m the position a 01 a* With 
this convention we can state that if a lino cioms the ahaued aane bom left to nght, it 
will be shortened, it bam light to loft, it will be lengthened, and this is tiue without 
any oompioasian of tho sheued aone at nght anglm to the dneolion of the movement 
The total change m length is zero when the hne ia at light angles to the direction of the 
shift, and a gieoteet when it appioaohos paiallelmn nitii it 

To detenmne tho change m length per unit length of the bne we must di\ ido a cos a 
byFsar i/fitna, which gives (a/ 21 ) sin 2 a, this is a maximum when a cqiuhi 45°, thmc 
is therefoie a tendency to toim open cracks mossing the sane bam left to light and mak¬ 
ing an angle of 45° with its dueebon Hus direction would be modified by pieesuie oi 
tension at light angles to the eheued aone, oompicabion would make smaller macks 
mote neatly at nght angles to the tiend of the fault-sane, tension would make them 
laiger and moie neaily parallel with it The vmy gonoral SMstence of ciacka making an 
an£la of about 46 s with tho directum of the tault-tiaee shows that thmc was neither 
compieseion noi expansion at light angles to the fault fin at least a luge put of its 
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If the cheated none n so nonow that a line Classing it b brokon and tho two ends 
eepaiatod, aa in fig 20 , it is dun toned oi lengthened fay an amount s' cob a 
It may happen that a put of the movement b concentrated along a nonow mack and 
a part a distnbuted over a aone an the mdea of the mack, so that the atiaight hne Z m 

fig 21 is changod into tho two brokon lines, V, V 
A hue classing the sane bom left to nght will 
be efaatened fiy an amount equal to the sum 
of the shortenings at the crack and m the aone 
of distributed shear, that a, by (a x + 4 + O 
eon a, and a line mossing bom left to nght 
would bo lengthened fiy an equal amount 
But ix + gg + s' — a, the total shift of the 
boundaries of tho sheared aone, so that we 
can aay m genmal, a Zina eroanng As eheared 
tons from left to nght it ehmtened, and one 
a canny from ngbt to left is lengthened, by an 
amount equtd to the total rdahve ekift ef the 
boundaries ef Aa tons mvlUjiied by As conns 
of the acute angle between, the hne and the direction ef the shift If therefore we measure 
tiie shortening or lengthening of a line mossing the sheaied aone and the acute angle 
we oan calculate the amount of the shift, whethei the shift be concentrated m a nanow 
crack or diatnbuted over a wider aone 
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CRACKS Df THE OROU1D 

Let ua apply thaaa simple results Whan the shift is oaneeubated m a nanow aone, 
only a few feet wide, there is more or lees demolition, within the sone, of a fence or other 
otyeot that may erase It, and the broken ends of the fence leemve on offset which gives 
a meaaure of the shift The turf m suoh a nairow sane is tom m a charaotenstio way, 
at the of the movement the turf ■ lent mte etnpe by oreoka fanned at ngfit 

angles to the hne of greatest stretching, that ■, the oracka and the stripe of turf between 
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them would trend about noith and south, aa the fault rasa about not Unrest The sub¬ 
sequent movement aeema m many placea not to have obhtomted this anangemnit of the 
tuit m strips, whieh is so ohamotenatae that it mdieatoB the position of a fruit-trace 
without potability of orior, and shows the du notion, Uio not the amount, of the relative 
movement of the Bides Its appeal ance is shown m plates 10b, 30b, 43d, and it is 
sketched djagiunmatieaDy m figs 18,19, 20, vd i 1 An mtacstug example n shown 
m plate 06 a and fig 57, ropraseintiiig an auxiliaiy fault at Iho Moiicll mnoh, theducotum 
of the diagonal aaaln acrase the ioiul shows that the noiUteaslein aulo moved i datively 
to tlie noithwoit, a duaction oontiaiy to the movamont obsmvod dsowhere Thu 
unexpected result is confirmed by iho ollsets of the lonces boidenng Uio load, a piotoie 
of the nght-hand fence n shown in plate 01b, end a measuic of the ofibol shows a relative 
movement at 8 75 feet This anomaly is local end appannUy vmy superficial, aa it 
does not appeal in the tunnol whieh ie neatly undin tho point observed; the tunnel ■ 
offset noiinally a ahait dieteneo to tho east of tho auxihaiy fault 1 

In planes the subsequent motion bee so broken up end so confusod the earth clods 
that tho regular rfiogimrf oracka have bean obscured, in places a slight oompicsslon or 
extension at right ingles te tho fsult has entirely dosed the creaks oi made othmamore 
neaily paiaDd with the fault, but it is suipiiung how generally la aces of the diagonal 
croaks oan fan seen whan they are lookt tor Thoy aie frequently deacilbed by the word 
aphMtnng 

If the ahenred aono rune along a dope, giavity acts aa a tension on the higher part of 
the nne, increasing the tandenoy to foirn macks and making them more neaily paialld 
with the fault-tiaee, m the losnn pail it produces a compression which tends to pi event 
the formation of macks Thu is tho condition near Sen Andieas lake (voL i, p 60) 

Othm oracka wmc made which apparently sraie not due to tho shearing movemmita 
in alluvium whieh we have been eomndmiiig, bouib, such aa those In tho Point Rayae 
region and those on Black Mountain (vd i, pp 75,107) Beam due to a general ahattaimg 
of the men, end may be caused fay vihretmy motion (vd n, p 40), othore (vd i, 
pp 106-109) winch aie neaily parallel with the fault may m soma oases bo due to the 
topography, and m othma to a small relative upthrust of one aide of the crack 

In all paita of Dm report apeoul efforts have been made to distinguish between 
cracks and dislocations due to the actual rupture along the fault, and those due to 
landalidea, the settling of unconsolidated material, the slumping of uver banka, the 
efforts of vibrations, etc This distinction is very important fai older to interpret 
correctly the true movements of the undmlying rock. 


The distribution of sheer over a brood aono ie well illustrated by the distortion of 
fences, a number have been desmibed m the pieecdmg pages and illustrated fay photo¬ 
graphs and figures, we may iefer especially to figs 15, 31, 82, vd. x In some oases 
anomalies ooour, whieh are probably not leal, but whieh may bo due to a mimatarprata- 
taon of the observations, m fig 20, for instance, the fence an both sides of the fauh-hne 
ie dragged in the same direction, with shifts of 18 foot and 5 feet 0 mwhwi on the two aides, 
respectively, at a distance from the fault-line there ie only a very small, relative dia- 
p l aaamnt of the opposite aides, this is so opposed to the general chareotar of the dia- 
p l an mu m tn thnt it pmliaHj dnon not rnprmm t thn trim numwiuinls In fig 88 a fence 
ie represented as having been distorted to the south an the eastern side of the fmlt) for 

ir Qmori draw ih m and emlnas thh affaot of the Aar la hh aamat of the wrthqnsta in 
BuU LumU M iw i h DnabNanCbBBlHxnl lVo 1,pp 1H1 

l.ta Mr Jebman dunption, wl i, top of paps S77. jfo 87 ffbsdlydmni sad dhows the <Art 
in Inn vnin dUMtasn 
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a length of about 1,800 foet These is no evidence that the iodb of dntnbuted shorn had 

Buch a tueadth in thb noghboihood, and nuneover 
I 'j/jv the displacement at the tenee is in the wiong dnoo- 
/ /*&] to be explained by this mean* Noi can we iefoi 

/ it to stalio lebound as desoiibed an pages 17-20 loi 

/ D y^/I the angle ol Bheei would be mate than 1 /500 oi about 

/ 7 * f 7 minutes at oic, which is much gieatei than aim be 

0 1 IMLI ( 3 y allowed The displacements of the fence siemeasuied 

/ ham its mteiied angual position supposed to be a 
\ stiaight line, but we aie not infoimed how tho oiigmsl 

|i position wa<> doteimined It would not be peimissible 

rVc to infei its dueebon liom the oonbnuation ol the 

\ ^_lence outade the eastern stone monument, and if the 

'""n leooidsof the oiigmalsuivey^ gi\fri the magnetic dnoo- 

v tun at the line, an lmpeifect knowledge ot tho mng- 

* net ic decimalion end mtiumentsl ciiois (if the line 

■\i 1° was lun with a eampomj would easily account toi the 

fly deviation of 7 minutes between the piesent line uul lie 

> supposed anginal duectum It seems piohable theie- 

^ Gjjl | foie that the tiue distoition was confined to a com- 

paiatively shoit length at tho fence Theic seams no 
■ v elem explanation ot the bow-shaped distoition ot the 

—J *U V' ^ fence m fig 84, unless the fonoe oiiginelly had this 

"i Bhapo 

J |jjga The Filaicitas 30-inch wiaught-uon pipe of the 

/ - i I ffiM s - Spnng Valley Watei Oompeny iuns neai the fault toi 

a distance ot two mil&> nmthwesl ot Sail Andieas lake 
I VBh ““*■ 0106808 lb 10111 to™® 8 (v 01 h P AS) The map 

)/ (fig 22), taken from the lepoit of Mi H Schussler, 

chief engineer ot the company, rJiows the location of 
this and of some othei pipes ol the company Begrn- 
^ j nmg at the noithwtet the pipe orosseB fiom left to 

<. **" Yyf light at Small Fiawley Canyon, and tho angle between 

Y the pipe and tho tault-lme ia 20°, the ahortomng of 

^ T H _ _ the pipe is 7 feet 3 inches, end the offset is 16 inches, 

- / v conesponding to a total shift ot 8 feet, as dwfawmmsd 

J by the fbimida on page 84 

We have no mfamotion about the bteak at the 
| Je next crossing, horn light to left, and about a mile 

jr distant, the pipe iuns nesily paialld with, and dose 

■i to, the fault between these crossings and suffeied many 

) ruptures, in one place it completely collapsed 

Jr , / At the next uossing (P), very near tho last, the 

f \ pipe orost fiom left to nght at an angle of 16°, it 

\ I S was onisht m thiee places, the total sWfammg bang 

no as 8 fleet 8 Inches (plate 50aandp 00, vol x), this oar- 

responds to a shift of 10 feet 

The pipe sgun crosses the fault near the head of San Andreas TAiw^ from right to 
left (0), and wee pulled apart m two places a total of 8 feet 8 inches (plate 60 a), this, 
with an offset of 6 inches, indicates that the angle between the pipe and the fault was 
but 85° 


is: 
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A half mile southeast of Pan Andicas Lnko (lie pipe aoaan tlio fault lor tho hat tame 
(AZ)i fiom left to light at an angle ot 05° (vol i, p 100), it was ciuilil and shortened 22 
inches, 100 fed to the noith it was ciusht again, the compiasuon theio being 1 foot 
The total shot toning, 2 feel 10 inches, concsponds to a tlufl 6 7& fed, oa the dull at 
the toult-hne was onlj 20 inchos, a [mi l of the tihooi inuat have bom dislubulod 
Noai thonoitliwcileincudof Ciystnl Spnngs Lake the 44-uidi Looks Cheek, pipe ciouos 
the fault-iono fiom left to light at an tingle ol b0° (fig 22, O, and vol i, p 101, fig 80), 
it was ciushl at lour points, and pulled apnil 8 inchea at one point, the total (halloaing 
was 50 25 meheb, this ooiioaponda to a total shift ol 11 fed 8 rnohes, the gieatai pul 
of which was distiibutod 

The shifts indicated by the ehangos m length ol the pipes must bo lookl upon m many 
enaos as smaller tlian the tiue Bhifl, toi many other lupUnea oeouuod, which ue noted 
m the lepoit of the chief ongmoai of the watai company, but of which no details have 
been given 


EFFECTS ON OTHER STRUCTURES 

The two best examples of combmod slioilening and stretching aio fuimsht by the gato- 
wcll on the shorn of San Andieoa lake and by the flume and the waste-war at tho 
aoutheastun eod of the lake, tliqr chow flic ezitlmce, at tho same place, of ahmlcning 
and stiddung in diflmcnt duoctiona, allho theie is no indication of a compi onion or 
extension at light angles to the fault Thogato-woll wa->sticlchLlnadnocLionN 70° W. 
and ahoitoncd at light angles to tho stietching (vol i, pp OB, 00, fig 85) Tho dnoo- 
taon of the faultrtiacc ia about N 85° W, so that the direcliana of gicatcd atiolching 
and shoilening make angles of piadically 45° with Iho duoolioiu of Iho rault From 
the scale of the llguic tho blioldnng ia found lo bo 8 fcol 4 melius, which ooimaponda to a 
shift of 4 fed 8 inches This is lov> than iho thift in Hue put of the fault and confines 
tho cvidcnco, fuinohl by ciacta in Hie giound, that tho shorn waa dlstiibutod ovoi a 
gioata width than 18 fed, the pnojocUon of tho diameter of the wdl (25 foot) in tho 
diicetion of gi palest at i etching upon a line at right anglos to tho faulL-tiaco 

Tho Locks Cieak Qumo, n44rinch wiought-uon pipo, crones a put of tho ahcaied aono 
fiom light to loTt at an angle of 15° (vol i, pp 00,100, fig 80), it was pullod apul 
4 foot, cone&ponding to a dnfl of 4 fed 2 inches If tho pipe had oittnoly most tho 
shoaied aono, it would havo indicated a gieaioi shift, which oould not have been leas 
than 7 fed at this point, acooidmg to tho displacement of a fonoe shown in llic budo 
figuie, tho Bnme pence thru a concrete culvert and contmucs lo Ban Andicaa Lake, as 
thu pul of tho pipe and culvert weie pualld with the directum of tlio aheu, thqy wao 
uninjuied 275 fod fiom the bieak in tho flumo a ebangfr buIlL buck waBto-woir 
tunnel ciaeses the shcaiod aane fiom left to right at an anglo of about 87°, its great 
eliength pieientod it fiom being entirely dcelioyod, but it was erusht at the fault-line 
and shmtened, tho the amount was not measured 

The axamplea given show veiy oleaily that the shortening end stretching of hnoe in 
the fault-sone wee not due to any general expansion or oampremum causing ohanges of 
ana, but to ahau, and the ohaiactm and amount of change m length of any particular 
hna depended on the direction m wfaidh it eroat the fault-nine and the angle it made with 
the directum of shift, ao that, m some instance, of two lines croanng the fault-rone at 
the same point but ham opposite odea, one was lengthened and the other rfmrt«inri It 
is quite pobBible that theie weie, m plaoea near the surface, alight t*"-"" 11 ^ 

preesion at right angles to the faulihne As pointed out (vol i, p 78) the fanlt-plane 
can not be considered a mathematinal plane, and the movement must have censed a 
Bhght separatum of tho sules m places near the surface, which may be indicated by the 
trench-foim of the fault-trace. It a difficult to understand how the two odes of the 
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fault oould be mads to appioach each other fai the region of solid rook at a distance 
below the suiface, but it la quite possible that the mote unconsolidated matenal near 
the auifaoe might be shaken togethei bv the earthiiuake An lllustiation ot this may 
peihaps be found in the canqneaamn ot the tence and the sagging ot the telephone wue 
which craaa the causeway dam between the Ciystal Spimg Lakes, appioximatdy at 
light angles to the lault (vol i, p 1021 

The shortening of the 1 ail way bank by 7 inches between Wnght and Alma (vol i, 
p 110}, a distance of 8 miles, ean haidly be lefoued to distributed shear, the back has 
many ourvea and runs m places b\ the odea of steep mountain slopes, and a slight 
shalong down of the roadbed in places might ■straighten the tiaak sufficiently to shorten 
It by tbs Knell amount. 



VIBRATORY MOVEMENTS AND THEIR EFFECTS, 


CHARACTER OP TUB HPVEMEM S 

Whoa tho luptuie ocouirod on the fault-piano, it a piobablo that the mo\ omeut did 
not begin at the «nne moment at all parts of tho piano, it piobably stalled in some 
limitod legion, and the stiem, bamg mliewd by tho bioak Ihme, waa oonccntratod upon 
neaihy point* which gave way, and thus tho ruptuio apiaad fiom point to point until it 
extended ovoi the whole fault-piano, and it n also probable that the whole movement at 
any point did not taka plaoo at once, but that ct praoaaded by vmy iiiqgulai Btopa 

We can doteunma loughly the lime which would have boon roquued foi the look to 
coma back to its natuial position of oquililnuun if it had vibiatod ficoly without fiictum 
The period of vibration of tho look, distorted by simple shear, as explained on page AO, 
la given by the expiassion T 0 —4.H ^p/n, whoie U, the distance bom the fault-piano 
to which the dhloitian extends, may bo taken as 01cm (37 milos), p is tlio dooslty of tho 
lock, say, 20, and n is tho cooflioicnt of ligidily, Ray 2 X 10 11 dynes pm squaie conlnnetor 
(2,900,000 pounds per squat o inch) 1 With those values of the constants wo find tho 
total poiiod to bo alxnit B 7 seconds, oi tho tnno foi tho lock to move bom ita anginal 
displacement to its position of oquililuium ono-foui th of Ihu, or 2.2 sooonds This is 
found bom the oquation of the boo vilnation of tlio rook, In which case tho straight line 
at light angles to tho fault u distorted ao as to bo concave towaid its position of oqui- 
htnium, but tlio observation* ni fig A (jiago 10) show that tho rode was dtaUntod with 
tho convex ndo toward tho position of equilibrium It Iherohxro tho break hod boon 
shaip, with no bidion at the fault-plane, we should have had vduaUans containing 
highei haimonies, so that the look at tho fault-plane would have made lajud but short 
vibrations back and loilh duirng tho 2 2 seconds necessary lor it to roach the equilibrium 
position Thu, however, waa not what actually ocounod, email slips took place at 
different parta of the tault-plane, end as the results of those suroemive dips and tho great 
taction, some 80 to 00 seconds ware loquirod before the rook eaxno to rest; and even 
then cm tarn pasta of the look were apparently atoll held In a strained condition by ataong 
blotion, and bam tsme to time gave way, ptodnouig the aftershocks whioh are hated m 
anothai part of the repost 

The more or less sudden starting and stopping of the movement and the friction gave 
rue to the vibrations which were propagated to a distance The sudden starting of the 
motion would produce vrinatianc just as would ita sudden stopping, and vibrations are 
ret up fay the faction of the moving rock, exactly as the vibrations of a violin string are 
caused by the Motion of the bow, tho string vibrates altho the bow 1c drawn steadily 
across it, or aa vibrations are set up m a flngai-bowi whan a wot finger is drawn along 
the edge; in this oase we can ace the vibrations transmitted to tho water m the bowl 

Vibrations onoe started are propagated as elastic waves in the rook and consist fas 
general of canprasnonal wavec like simple waves of sound, in which the vibratory mova- 
ment of any particle am the direction of propagation; and of transverse wavec hie thoce 
of hght, m whioh the movement of the vibrating particle la at right anglcc to the dbeotian 
of propagation Ac a romprawimnnl wave advances, the mare of reek thru whioh it 
pamoi is subiected to buocmbiyb cnmprrewnnB and wxtnniuoiia. 
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CRACKS FORKED B THE OSODXD AHD THE EREADER OF PISES 

We can leadily detennine the amount of eomptaedon end extension that takes place, 
the men ament ol an earth paibele is given by the expieasum 

whae A is the amplitude, P the pciiod, \ the wavelength, t the time, and x the dis¬ 
tance, measuied in the dnection ol piopagation, the completion and extension ib given 

^-¥“”( 7-3 

end its maximum value n 2■■ A 'X Ibr a wave whose peuodu a half eeoond and whose 
velocity b 4 milee a second, \ would be 3 nulea at toy 10,500 feet, and if A wreie 0 2 ol 
a toot, the wave would cause successive compiemxmb and expansions ol shoit lengths ol 
took amounting to 1 6350 of the length If c is the oompiewion m expansion pei unit 
length and Jlf ihe modulus of elastirrty, whirh foi gionite with a lico uppei suiface 
would he about 7 60 milium pounds pn squaie inch, the toice exerted is cil. oi, m the 
7 66 x lip 

case of the above wave, , oi 020 pounds pei squaie inch Thia is much leu 

than tho foico necessaiy to beak giamte by ciushing (6 to 10 tons pei squaie mch), 
but the all eng 111 of giamto undei tension must be lesB then under completion, oltho 
its valuo n not known 

Caspian, which lesemUea giamte in its gcnmal stiuctuie, lequnca four oi five times 
ab laigc a toice to beak it by mubhiqgae by stietebng, ittheietoie seems possible that 
the numciouB ciack* obseived m the legion west of Burnt Reyes station may he due to 
the vibrations In the case of vibatums parning thru olhivmm or decomposed lock, the 
wave-length will he shorter, the amphtude gieotai, end the beaking stiength much leae 
m companion with the modulus of daatunty f so that we should expect m places, whae 
the condition at the giound is lavmable, even at a fiom the eaithquakeS ougin, 

that uacka mould open and elose at light angles to the dneotaon ol piopagation, it b 
to tbs eauaa we must lefei the opening of macks and the piqjeotion of watei, mud, end 
aond into the an, which has hoquentlj been dreciibed m conneotaon with ationg earth¬ 
quakes Tbs phenomenon was scon m tho neighboihood of Belinaa (vol i, p 346) In 
vciy unoansolidated deposits macks may be left open by the campteseum of the mtei- 
vemng matmul and watm anamg m the uacka may form cratmleb (\ol i, pp 220, 231, 
338), but oiaoka foimed by shunpmg of the giound, ahho started ty the vibrations, aie 
practically due to gravity 

Fipeb m the giound wme subjected to similar compesauma and extensions, the maasuie 
at the toioe being Be, whme B is Young's modulus foi the matmul of the pipe Hoi 
coat-nan B ib about 6,000 tana to the squaie inch and with an externum of 1 8,350, the 
toice tendmg to ruptuie it would be about 0 6 ton to the aquaie inch For wioughtniron 
B b about 13,000 tons to the aquaie mrh and the fotoe developt by the above expansion 
would he 16 torn, it requires bom 20 to 28 tons to beak wrought-mm by tension, and 
16 to 20 tons by mushing, but at the joints the pipes eie weaker On the whole, not 
many pipes m the giound were bdken by the vibrations, tho the stronger vibrations in 
alluvial soil must have broken a number. A very good example is the pipe near M™— 
(vol i, p 215), which WBb broken in many places, in some places the ends wme separated 
as muoh as 3 feet, m otheis they overlapt as muoh as 4 feet, and they showed that they 
had been hammmed together and had not simply been pulled apart A pipe seen near 
Alvarado had had the aame expmienee (vol i, p 805). 
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lii tho calculations above we have supposed tho pipe bo fiirnly omboddod in the bui- 
rounduig caith that it moves with the oailh, undei this supposition tho sticngth ol tho 
pipe to lonit luptuic due to vibiationB would not he changed hy altming tho thickness 
ol the pipe, but if tho pipe dips m tho ground, ai it might if it wcio vciy bliaighl lor 
distances of hall a waio-longth a moie, it might be htiangthanod hgr making it thickci, 
but it b hoidly piocticable to lay pipes straight foi such distances, and Ihcioroic wo 
should not seek to stionglhon pipe* in the giound by making them thickoi, but (hey 
would be iticnglhencd by solecliqg a matonal with a laige latio of it* bicaking sUongth 
to its Young's modulus Wrought-non pipes would yield by mushing lathei than hy 
tension, whmcsb cast-non would yield fhst by tension, but it would loquno a stionger 
vibiation to pull apait a cast-uan pipe than to mush one of wiaughl-uon In gcncml, 
however, the jauita me tho ucakeBt spots and the luptuios occui thme 
The Spiing Valley Water Company sends watm to Ban Fianmsoo thin thicc pipes 
(map No 21, and fig 22 ) Tho Ban Andieas pipo diaws dueelly fiom the lake of tho 
samo name, altho it stmts at the fauh-lino it was luptuicd at one place only, whmo 
it mosBcs a maish at Baden Station on a ticstlo The pipe hoio waa weakened by on 
e\tcnaian joint, tho two ends being hold logetha hy wires passing ovei lugs on tho pipes, 
these lugb wmo pulled out Tho lack ot injuiy to tho pipe at olhci places shows that, 
when bunod m the giound, it was quits stiong enough to stand tho compicssions anil 
eiLtemuons due to tho vibialions, and makos it piobaldo that tho many mjuiics roceivcd 
by the two othm pipeb, not along tho fault4me, and of which wo have no details, wmo duo 
to somo special causes of weakness at tho points whme thoy oocuned When the pipe 
was buiiod, it was pieventedtram bending and was thou stiong enough to lcmam intact, 
but whmo it was coined an a high tiestle, oi on a tiosllo ovai a soft inmsh, banding waa 
possible and its powm of icsBtanoe was similar to that of a column undoi compiasbion, 
as ib well known, a column yields, not hy oiuBhmg, but by bonding 
The Fllmmtos 80-indh wiought-uon pipe n earned amo» Iauge Frawlcy Canyon 
an a high tiestle about half a milo cast oi tho fault (plate 100 v), tlio pqio b buiird on 
oaah sideot tho canyon, the mtmvenmg length being 100 feet, this pai lion was broken 
into two pieces of piaclioally equal lengths which, togalhm with the groalm pail of tho 
trestlo, wme thiown into the canyon and left side by sido, 60 oi 00 loot fiom their oiiginal 
position The luptuies ooeuned at livcLcd jomts, the two piccaa being otherwise mtaot 
It n clem that the portion of the pipe on tho tiestle must have acted like a column with 
fixt ends Tho foimula which most acouiatbly lopicsonta the ationgth under those 
conditions is known as Bankings toimula , 1 and n 


f 

where p is the psosuuo m tons per squuo Inchnoeassaiy to eauao tho eollapso, and/and e 
are constonta, (he lust dependent upon the matenal of tho column only, tha Booond both 
upon tho mateual and upon tho cheiaclm of the ends, L is the length of the cdhimn and k 
b the ladiuB of gyiatum of the ms section For wiought-iron/ is 10 Iona pei square 

inch, e is 1.80,000 for a pipe with fixt ends, V — where d is the average of the 

inside and outside diameters, ao that the formula booomes 

10 
1 


1 + 


4600 


The length of the pipe over Inigo Frtwley Canyon is 100 feet and the diameter 2 6 feet, 




therefore f-j 


is 1,600, and p, the piessuie necessary to break it, becomes 11 B tons per 


■Ewutfa StoMWtliofMatttklaP 178. 



42 


EXPORT OF THE CALIFORNIA EARTHQUAKE GOMHIBBION 


square inch The eomprewve fane due to the vihntJans oalonleted m the aaimpla 
m have used (with Young's modulus far wiought-iian equshng 28,000,000 pounds per 
equate inch) is only about one-eighth as greet, but at this shoit distance from the fault- 
plane it is posable that the vibiations may have been greeter, and without doubt, the 
pipe itself, on account of the joints, would give way under a much smeller pieMUie than 
n requited by the above foimula; we must believe that the pipe yielded like a column 
undei campremion, end the sudden removal of the reactance when the rupture came 
allowed the elastic fatces to thioer the pieces 00 or 00 feet to the side 

The Ciyatal Spiing 44-mch pipe suffered m the same way wheie it eiost the Ban Bruno 
marsh near South San Fiancisco and the Guadeloupe and Vwtaoon marshes a little 
furthei north The trestle which earned the pipe over there manhea waa built on deeply 
duven piles The pipe waa bioken in many pieces end the pieces Hung 4 or 5 feet to 
right end left, the trestle waa also demnluht, but the piling end its capping were m 
general uninjured In some lnstsnces, however, the pipe seems to have been laised into 
the sir and to have come down with sufficient force to destroy the tieetle and crush the 
heavy timbeis bolted to the tope of the pdee AKho the vibrations m these marshes 
must have been veiy indent, it waa tound after the earthquake that no permanent dis¬ 
placement had taken place, the piling had not lost its ahnement nor its grade 

It does not Beam piobable that the lateral vibration wee stiong enough to break the 
pipe and fhiow the pieces 4 or 5 feet, the pipe muet have been quite enough to 

yield to such vibiabons without breaking, noi is it probable that the verfacsl vibration 
was strong enough to thiow the pipe upwaids, it is most prebablo that we have here 
■gain to do with compiessumal vihiations, aetmg upon parte of the pipe as upon columns 
with round ends, foi the ends ol the short lengths of the {ape, over which the compressum 
woe stiongeet, weie piactioally bee to turn the small amount required We suppose the 
vibrations to be communicated to the pipe thru the ta retie snd to be transmitted along the 
pipe as foioed vibrations, with the same period and velocity, and therefore with the same 
wave-length, as in the underlying marsh; but there would undoubtedly be propagated m 
the pipe vrinahone having a velocity appropriate to the —*—i of die pipe, end these 
would m places combine with tbo forced vibiwfaone, to produce imn—iiy forge forces 
of compression and tennoo. 

’Ranlnnn’n fnrmiilft. far flit yiaMing af nnhuimw with rniinH mida hanamwa 



With a 44-meh pipe L/d would be 40 for a length of about 180 feet, sod p, the force neeee- 
saiy for colbpBB,1h0Q becomes 60 tons per equate mob, which is about 4 tunes the pres¬ 
sure calculated m the example we have taken above, but m the marshes the wave-length 
would be gieatly reduced, and there seems no diffieultymbehevmg that the nompirmimni 
were in places sufficient to break the pipe regarded aa a column with rounded ende 
(especially at the joints), and then to fling tbo pieoes to the nde Where the pipe bed a 
alight bend m the vertical jriane the compression would throw rt up rather than to the ode, 
and m this way its subsequent blow upon the support is made (dear One piaoe of pipe, 
about 800 feet long, was found lying on the ground by the broken trestle uninjured 
eaeept at ita ends, it must have railed off the treads after the supporting rides had been 
battered off 

Hie Sea Bruno manhie about 2 miles ham thefsah-fane and the other two merdhee 
about twice as far The mcreast mteonty of vibration due to the diaiactar of the 
foundation far more than made up for the riiminsiht wleneriy due to distance, as toown 
by the distadmtaon of faoaeusmJa an map Wo. 28. 
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D WALLS AND CHUHXTS 

la Mallet's gieat lepart an the Neapahtan earthquake of 1867 ho assumed that the 
waves weio pi operated thiu buildings just aa thru the earth bolow, and oonoludod 
that tiie ciocks made in the walk were at iigjht englei to the directum of piqpagation of 
the waves Ram this he deduced the direction at propagation and the potation of the 
focua But tho length of buildup ia only a veiy tonal! fraotum of the length of a soismic 
wave, end in them the piopor conditions fm the lectilmear preparation of waves do not 
euat, so that Mallet's assumption and hi& conoluauma can no longer be aocoptod Luies 
diawn at light angles to the nacha on the flooi aie piobably at light angles to the direc¬ 
tum of propagation of longitudinal waves, fm three creche are pi actually framed m the 
ground, hhe those desanbed above, but macks m walk can not be lookt upon as at 
light angles to the dneotum of the moi ernont, even when no windows aie pieaent to cauae 
special weakness In somo dnectiona Wc shall form a better oonception of the meohamoal 
coiuhtums if we look upon the wave as divided into two components, one pioducing a 
honxantal vibretion of the house and the othei a\ertical vibiation If, aa is usually the 
caae, the house is longei than it ia high, the inertia opposing the motion will pioduoe a 
honaantal sheai and it may be ahown, by the method nod an pagB 84, that araoka have 
a tendency to form at an angle of 46° wilh the honsontal m walls lunning m the diroobon 
of the vibiation, as the motion is first m one directum and then in the other, two sets of 
onoks would he fumed at tight angles to each other, and each 46° with the honsontal 
The vertical component produces veitual eomprereum and expansions which may slightly 
modify tiie directum of the eiachs This is exactly what was observed, many walk 
exhibited the double system of diagonal oiacla An exoellont illustration of there creeks 
lntbeBt James Ilotal at San Jon is given by Piofossoi Omon 1 

Chimneys, end walk running at ngjht angles to the directum of the vibiations, wore 
affeoted m a different way, they aie hlgjh In compelison with thou bieadth and conee- 
quratiy were set mto situations, hko long ioda As they swayed back and forth they bent 
and were o o mprert an the oonoavo and stratoht on the convex sidos. If this stietohing 
wwvwHwH the daebo limit of the matmial, a honsontal creek was made It was in this 
way that dnmneys were overtiuown and the tope of walk and fftbks wme thrown out 
In practically all caeee of bnok walk and chimncyB the break ocouired at a joint and the 
bricks which were thrown down were usually unbroken, but entirely detached hum each 
other, showing that the mortar was very weak Chimneys of uniform thickness would 
natuialfy break at thor lowest fteo pout, which, in the case of tho bhurmqys of houses, 
is where they peso thru the roof, and walk would break where they are not well bnood, 
whioh was usually near their tope oi In the gablos or at the corners The high chimneys of 
ketones are thicker near the ground and gradually dumnWi in diameter and timiknare 
hum the ground up They did not break at the ground, but at some pant about a thud 
of the way up where the braiding moment was greatest m camparkon with their strength. 
It by no means follows that a broken chixnnoy will fall, m regUma where the diook wee 
not eo very strong, many riunt chimneys were broken, end tire detached part recked an 
the lower part without overturning, the very email power of itrateUng poaseet by brick 
and mortar earned ohimneyi to break brfore they were suffuueutly inclined to lore their 

mil faH 

noTATan h d v—nib aid not rotation ar objects on bbr sotpobts. 

R has bemamatter of freqoait observation that during tiieriiocks of kige earthquakes 
a twisting motion k felt, said after the shook, dnmneys whuh were not thrown down, 
mwmwih in nninfTtflnfls etc, arc fbond to have been rotated on thou 

■Ben liijiwM WsiMMiusis luiMlIjalinii ftonmiMnn twI a No 1, plats it. 
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supports This has given rue to the behet that there u a lotaiy motion of the vaiious 
parte at the giaund hie that of wheel* about theu a\p* It should be pouted out that 
thia hind of motion can not oust, foi it toulil not be piopagated a* an elastio disturbance, 
but would bioak up mto waves of compression and dutoition, which would be piopagatcd 
at diheient speeds and would von be sep&ioted fiom each othei lloieovm such a motion 
w ould piodura lenta m the giound, which have not been found, no baa any such motion 
of the giound itself cvei actually been obaeived Waves of elastic diatoitiondo, howevei, 
pioduceveiy small lotatmns, whose maximum amount, we shall eee (page 1401, is given by 

2-j 

the expiessum , wheie A ia the amplitude and L the wave-length, with a wave as 

short as 10,000 leet 18 km) and an amplitude as luge bb 0 3 of a foot (0 cm), the mou- 
mum lotation would only be about 0 26 at a minute of aic, a quantity fai too small to be 
noboeable, even if the lotation weie 100 tune» n gieat aa this, it would piobably not 
be noticed 

But theie is anothei Lind of lotatum, which undoubtedly don oocui, and which would, 
it strong enough, give iiae to the eensaiaon of tw&ting ami would came objeots to lotate 
on then suppait* If a swinging pendulum, aa it passes its lowest point, should leeeive 
a blow at light angles to the dueetum ol its motion, it would umjriy change it* direction 
and oonbnue to swing back and foith in a drileient plane but if the blow should be 
leceived at any othei part of its motion, it would an mg m an ellipse, it the blow weie of the 
iigjbt mipnmi.y and were leceived at the end of the swing, the pendulum would awing m a 
ciicle 

Two vibiationa making an angle with each othei would pioduce just such an dhptual 
oi cuculoi motion, unless they wen so adjusted that they would combine to make a 
simple lineal vibiotionm a dueetum between the two, but this wanldiaielyocoui If the 
two gioupeof combining vibrations had difteient pauods, the resulting movement would 
be vciy complex, and we might havo rotations fiiat m one ilnection and then in the othei 
The Lud of lotatoiy motion thus set up is not hko that of awheel about its axis, but is 
like that of a book which is earned aiound in a aide keeping the edgp always puallel to 
its anginal position We must look upon the lotatoij motion of the eaith repented dui- 
ing caithquakes a* such that eveiy point descubc* an ellipse, each point with a ditloient 
center, but all with parallel awes; and thehnn connecting near-by points lemain parallel 
to their anginal duactions, and do not, as m the cam of a wheel, eho lotate Ear the 
sake of deainea let us apeak at this kind of motion as paialld rotation, to distinguish it 
fiom lotation* where the vanoua pourte lotate aiound the same center 

We have conrlumve evidence that the motion of the earth doi mg the Californian earth¬ 
quake was not merely a to-ond-fio motion in one dneotion, bat that the dueetum of the 
motion changed maikcdly This is shown by the sensations of obsei veis and by the fact 
that objeots in the same place weie thiown in vanoua directions, statements that the 
earthquake was a "twister" weie not uncommon, and some obaeivns leported that the 
motion was fust m one dueetum and then at light angles to it, and lastly the Boamo- 
giaphs themselves indicate a oombmatum of simple vibratoiy motions, this is well shown 
m the seiBmogiam made by the simple pendulum at Yountville, and m all made by Ewing 
duplex pendulums (Bee Senmograms, sheet No 3) 

We oan picture to ounelvee many ways m which movements in different directuma 
could be produced at the some tune Suppose, for instance, that theie were two shocks 
oiigmatmg et the m»tib place with some seconds interval between them; each m general 
would give rise to oompreesumal and distortions] waves, the firet land travels faster and 
henoe outnoea the second The oompreeaonal waves of the aeoomd shock would over¬ 
take the distarticmal waves of the first shock m a circular ions Bumnindmg tha orlgm, and 
as their mobana are at right angles to each other, we should find parallel rotations m this 
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■one Again, suppose two shocks ongmated at difteient ccnleis, thou waves, in gBiieial, 
would eiosb eaoh othei at an angle, and we might have oneulai 01 elliptical motion as a 
Jesuit of the wnmiiiminiH of the two sets at oompiosaional waves, ot the two sots of dis- 
toitional waves, 01 of eaoh set of coiupicwumal with tlie othei set of disloiUonal waves 
Modifications ot the wave* on passing liom one Lind of lock to anothoi would oeeur 
and give use to stall othei combinations which would cause paiallol lotataons 

With tho hope of thiowmg light on the piogices of the lupluie along tho rault-plano by 
deteimining the dif>liibuUon ot lolaloiy efforts in (lie suiioundmg legunu a special list ot 
questions was stmt out and many uibwois were received They may be summausod as 
follows at a distance, wheie the *hock was but slightly fait, lolataonswoioiaidy noticed, 
but wheie the shock was strong, even tho many miles flam tho fault, thoy woie almost 
umveiaol, a numbei of obeervoib staled that tho ilihtuibanoe was fust a simple vibiaUon, 
and that the lalataiy motion only appealed latoi, no one put tlio rotaloiy motion in the 
daily put of the shook Some, who did nol notico lotations, staled that Ihe dnoction 
of the motion changed duung the distuibonce At a distance fiom tho fault, wluno tlie 
movement was slow and gentle, the lotatoiy died would nol be veiy notiooablo, but that 
it still existed is shown by the sciunogiani made at C&ibon City, whore tho intensity of 
the bhook was gicatly i educed Thu gcucial distribution of puallol lotataons docs nol 
show how tho lupluie took {dace an the fault, but meioly conhuns tho idea that tho du>- 
tuibanco at any point whs duo to vibiations ongmatnig in many p&i Lh of tho fault-piano, 
and the combinations of those vibialioiu would cause tho vuiotaons m intensity and tho 
lotatiouB obecived The wuthuig motion ot Ihe bIopI smokestack at Maio Island (vol. i, 
p 212) must have been the lesultof a doublevibiatoiy motion ol Lhc giound oombincd 
into a parallel rotation, tho olaatao bending of tho stock would causo a mush gicolor 
vibiotaon of the top than of tho boLlom, Lhn ovplainu the whole motion wilhouL tho 
assumption of a tilting of tho ground 

In tho firel volumo numcioub examples oie givon of statues, mouumonls m ccnictcuaa, 
chimneys, etc, which wore lotatod on thou suppoils by the oailliquake, many woto 
turned thru an anglo of 00° and some as much bb 180° (vol I, p 350), tho in tho majority 
of eases the rotation was loss than 20° In tho ocmoloiy noai San ltalacl all except ono ot 
tho lotated monuments woio turned with tho hands of a watch tluu angles ot L0° or loss 
Similuly, at Inkepoit all tho lotated ohumwya wore turned in Iho Ratno duooUon (vol i, 
p 188) This phenomenon has long boon cl nerved and ocouisal tho Limas or all violenL 
euthquakea, it naturally suggests a lototaon of Iho auppoit, but, as has boon won, a 
moie cueful miwiimhan of this idea alums that it is entirely untenable, indeed, Citation 
Du win long ago punted out thatil objects woie turned on lluur Bupiwrts by tiue ioln- 
taona, the avis of cadi totaled ohjoot must bo an avia of the relation, which is a pi critical 
impossibility The effoil, therefore, was mado to axplun tho relation meioly aa the 
leault of a to-and-fio sibiatum What is noccseary is to piodueo a moment around tho 
vertical avia thin the center of gravity 

Three Buggeetaona have been made Fuat Mallei 1 suggested that the objeot may 
not bear umfonnly an its suppoit, but may only piesa on it in a few punts, and bb the 
pressure will in general be different at these pomts a moment uound tho center of gianty 
due to the fnctaanal foraea would be produced duzing a vilnatoiy movement, leaultang m 
aiotation AHho it may be possible fu email rototaona to be brought about in tins way, 
thay ue probably vuy amall and umrapoitant, lor it ean easily be shown that if the 
fnctaanal foraes at the pomts of contact follow the ordinary laws of solid fnetann, namely, 
that tiie tangmtael foraea an proporta anal to the nmmal pressures, then no moment 
around a vertical axis thro the center of gravity will be set up by the vibrations, and it is 
only m ao far aa the ardmaiy laws of frustum ue departed from that momente ean be 

‘DymlaolMujstai Timm Boy. bfchAud 1848, vol m, pp 11-108 
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produced For the normal premium must be such as to produce no moment around any 
straight hue in the plane of the pants of contact and immediately under the oenter of 
gravity, otheiwi&e, the object, wlien undiatuibed, eould not ramam statumaiy If now 
A we take the straight lme parallel with the dueetaon of vibration, the 
momenta of eoeh fnotumal fame about the vertical, thru the oenter of 
—I gravity, will be pioporbonaJ to the moment of the conesponding normal 

* foi ee abort the street hne, and therefore their sum will be aero Horace, 

_however, are not ngid bodies resting oa ngid foundations, like a atatue on 

v its bate, and the gtoiind itself, on acoount of alight variations in texture 
4 | oi fiwnnp—, would not behave hke a ngid body during the earthquake, 

but would have somewhat different movements at different places under 
the house, in this way it is quite possible for a house to be slightly 
lotated by the i national lorces between it and its foundation Examples 
at suoh lotatiane ore given m vol i, pp 170,176 
Second Professor Thomas Giay 1 has shown that if the vibiataonq are at light angles to 
the edge of the rectangular base of a ooluinn, oi along the hne jommg opposite comma, 
no rotating moment is developed, but if the shock lies between these directions, as, for 
example, m the dueotum, qf, in fig. 34, then the eohxmn tends 
to look an tha coiner, and to lotateaiauzid it, for the foioe is 
applied at the cornet and acts m a dueation panlU with the 
vibration and does not para through the center of gravity 
Una is in entire aocoid with the laws of meehames, and un¬ 
doubtedly some small rotation are caused in this way, but it 
is to be noticed that the tendency is only to rotate until the 
edge ib at nght angles to the direction of vibration; if this 
duration is neatly at nght angles to the edge, the rotation will be small, if the direction 
is nearly along the diagonal, the moment produced wiH be smell, if the dueotum of 
vibration gradually nhanges, keeping pace with the turning of the a larger rota¬ 

tion might accumulate. In the ease of odhimna with circular bases, the mmthnd would 
not apply at all, and it may be trail doubted if any large rotations are produced in 
this way 

Third Tha combination of vibrations at light angles off ere a ampler ■gJiUmn for 
any amount of rotation and for any form of baae If an objeet,aa a result of the vibration, 
is rooking on its edge and u then subjected to a aaeond vibration at right angles to the 
fint, a strong moment will be set up and the object will rotate, if these vibrations are so 
timed aa to produce parallel rotation of the support, the b«(y will oantinue to rotate 
aa kmgaa the vibrations are sufficiently strong One can easily reahsathia expemneotally 
by means of a chair Baiae the front legs slightly from the floor by prernmg against the 
beak, then press against the ode of the chair, and it will swing mound about 00° on one 
leg; or, plaoe a box or bottle oi a book, and then rotate the book, keeping it parallel with 
itself, if the movement be strong enough and the ftutian nifficient to prevent shppmgi 
the object will rook and rotate The principle of erost vibrations seems to be the 
true explanation of the rotation m moat cases and m all eases where the rotation ia large 
Croat vibrations will not be produced by a single riiock foam a smgle center, bat a 
protracted dioak, or Buoceaarve shocks from the same center, or shooks from different 
centen, will produce them, that is, they will practically occur at iha time of all laigB and 
important earthquakes, for then the vibrations usually originate at many points and at 
sfaght{y different 1 
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. Tha Earthquake In Japan* Feb. aa, 1880 
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Baa Japan, ml i, partlLpp 
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Hie explanation of rotations by means of ciost vibrations seems first to have been given 
by F Hoffmann 1 and latei lepeated independently by Mallet 1 and olheis, but it doeB not 
seem to have leravod the consideration it draenes I think it is doar fioni tins ehaptoi 
that Croat \ibiatums aic not only eapalile of explaining lolations wheiuvu the dihtuib- 
ance is bufflciently btiong, but that no other thcoiy, so fai piopoeed, can explain satis¬ 
factorily Ilia very lugs lotatians which statues and monuments expeuence 


SURFACE WAVES IN THE EEGAHEIHH1C DISTRICT 

In addition to the oidmaiy vibialions which wa have been -studying, many pci sons 
reputed waves m the ground which had the appoaiance of oidmaiy waves on tho sui- 
faoe of watu (vol i, pp ISO, 881) They weie not a peculiaiity of tho California earth¬ 
quake^ for similar phenomena have been lecoideil m connection with almost all gieat 
earthquakes and have givBn nse to much discussion as to then cause It is probable that 
they result fiom the modifications of condensational vibrations by the Buiface, as appeals 
fiom the following consideiationa The lesiatance of a substance to caunpiession and di»- 
tortion depends upon the values of two coefficients A, tho coefficient of compression under 
equal picssure in all dneotions, and n, the cooffloient of iigichty or sheai. If we compiess 
a small cube of any substance between two plates, the modulus of compiesman, that is, the 
ratio of the applied foicea pei umt men to the linear contiaction, Is called Young's 

0 fiAi 

modulus, and its value in turns of tho coefficients mentioned above is Hus 

repiesents the leustanco which the subbtanoe offeis to compression When the pr e ssure 
is excited, the cube is not only com pi eat m the dneotion of the pic-wne, but it expands 
at light angleB to this duectaon, and the mho of thia expanuon to tho nonnal compiaaslon 

Q L Q m 

is 2(ai+n) '^ le vbIuo nta0 vaiua different Bubstnncca, but in genual 

it is not far from 1 4 When the vibrations pace thiu tho intonoi of the earth, the 
locks are subjected to oampicBHanB and expansions, but tho sunoundingioek allows only 
longitudinal contraction or wpwBB and the modulus of dastuuty is then given by 

B L i A en 

g , which is greater than Young’s modulus. At the euifaee expanuon can taka 
place upwards but not laterally, and it oan be shown that hero the modulus of elasticity 
is given by the axp wa sl nn * jT^ 1 ^ Ia * u> ¥orilfla ^ axpaneum to the 

longitudinal contraction u JJ 

The values of t and n have been detemnned for a number of specimens of rook by 
Messrs H Nagsbka, 1 8 Kusakabe/ and Adame and Coker 1 Hie avuage values which 
the last investigators found for granites are i —4 8 x 10 p pounds per square inch, and 
s=8xl(f pounds per square mah, and tho vertical expansion would bo nearly OJ of 
the longitudinal compresnon Aa we pass down from tho surfaoe the increasing weight 
of overlying rook would greatly dimmish the vertical expansion, and at a depth oompanr 
tavely email would pravmt it altogether Hie actual vertical movement at the snifaee 
would be the addition of all the vwtaosl expanuons from-tiie surface down. A langitu- 
dmsl contraction of 1 8,8fi0, as found in tha'example already used, would cause a vertical 
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azpizihionof about 1 30,000: if we assume that the weight of the ova lying lock would 
ma lm the vbi heal expansion pi jotienlly dibapiieai at the depth of a mile, and it newunw 
tmthet that the aveiago expnnsion abme this point is une-thnd ot its value at the 
Buitaoe, we should hnd a voilical amplitude at the bui lace ot 0 SO inch, oi a lange fioni 
nest of tiough at the wave's of 133 inche* 

Hefeiiing again to the ercpiesbiou foi the latio ol the vutical expansion to the honrontal 
completion we tee that ita vnlue will become gieatei as a become* smallei, with umtj toi 
its gieatest possible value When the waves pass liom lock into alluuum oi distmto- 
giaLed ioek, the amplitude may become distinctly laigei, and since the value of n would 
be much leus than toi gianite, we should expect foi laigei suitaae waves The movement 
at the sin face will lie upwaids, foiwaids, downwaidb, and boikwaida in the \citical plane, 
just like the movement m oidinmy watei waves Waves of this kind must ncccssaiily 
occiu wheiuei we have longitudinal vilnations, at a gieat distance fiom the focus 
as well asneai it, but it is only wheie the amplitude ol the situation is \eiy huge that 
the butieco wanes oie \wblc to the eye, and it ie, theietoie, only neai the focus, end 
gDnciolly only on slhisium that thej aie obsened, and only m the case of my violent 
eaithquakea These waves must not bo confused with the Hailogh waves, m which the 
hmnontal component ot the vibiation dies out at a depth of about one-eighth waso- 
length, and tlie veibcal component continues to uidefimle depths, wheieas the warn we 
have just desenbed have exactly the opposite chaniteiistic, the}' aie cimply the auilace 
modification ol the oidinmy longitudinal waves, which exi*t below the burtoce 

It is also possible that tuilaee warn could he foimed bj tiansveise vibiations, ui 
which tlic dueetian of motion is veiUcal 

Mojoi Dutton 1 ihuka that the auilace wave* have no ielation to the elasticity ot the 
look He soya '‘Then lengths aie too email, then amplitudes too gieat, and then speeds 
or piopegption too slow to bo dependent upon elasticity 11 , butitweiefei to the modulus 
of elasticity which holds near the surface, and upon the square loot of which the velocity 
ot tians mission depend*, we see that its value becomesveiysmallab the value of n diminishes 
and theiefoic m some alluvium it w quite posublo to have slow bpeeds and shoit wave¬ 
lengths, and, as we have seen, laige amplitudes It is not necessaiy to believe that the 
amplitudes of uiifue waves aie neatly as laige as they appear, foi it must be lemem- 
bcicd that an obaeim being shaken by the stiang vibiatums ot a violent eaithquako 
is in a difficult position to make good obseuationa on the phenomena about him, end 
parliculaily to distinguish between the movements which aie actually taking plaoo and 
those which ho appeiently aces, but which me leolly due to his own OBcdlations Wc 
have many dose upturns of tieea and telegiaph poles being swayed bo violently as neatly 
to stuko the giound, which of couisc ie impossible, as the dibtoition of the earth ncaes- 
saiyto piodiiui this lesult would have caused dial upturns which were not obseived, and 
moicover, a small vibiataiy movement ib Bulfioient to oaube very gieat commotion among 
tiees, whudi would natuially be lefencd by an obaeim to taltugs due to auifaee waves 

1 Barthquakoi, p 144 
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THE GALATEA DAMAGE ON ALLUVIUM 

Expeiimoe shows that the damage done by dosliuolivc cnilliquakos is niuc h gicater on 
alluvial soil than on eolid lock A glance at the laaaeiunnl niup No 23 will show how well 
Una was exemplified by the Caliluinia caithquahe Piobobly tlie bat oMunpIo we have 
is the city of Sen Fnuiusco itsell, w hich » built vuioueI} on eolul look, on sand, on natuial 
alluvium, and on "made (pound " Hie dcsoiiption of the dcsliucLion done in tho uly 
(vol i, pp 220-215, mapb, Nos 18 and 19) bhowb that within its luiiita tho choiactu of 
the foundation was a lai moie poLanl facial m dotaimining the dainagp done Ilian noai- 
nen to tho fault-line Thib ib not a quihLion of llio tiansunasion ol vibiations, foi, on 
account of the highci dasliutj of solid lock, it would Uansnut vdnsUons far better than 
alluvium, and indeed, as the alluvium m cupica lrnnLcd and compaialivcly shallow haama 
m the lock, tho vibiationa aie always tianannUcd fiom a diatanoo thru lock; and tho 
quotation leally to be anawoied h How aio tlio vibintioiui modified in a basin of alluvium 
no B8 to make thorn nunc dcsiiucli\c Ilian will tout tin* modification T By analogy (he 
well-known cxpenuient ol dm noiy lmlla lias boon imokod to explain Uio facL 11 the 
hist of a iow ol ivoiy bulls in contact lumvca a bhaip blow, it traiisiuita tho aliook to tho 
nexl bull, but icmaina almobt alnliaujiy llholf, tho aback ib thua lianBmiUod horn ball to 
ball, and tho last ono, having nothing bclaic it, flics oil IL is anid that llio auilacc of allu- 
\ium liaving nothing above it, and liavuig hlllc cohesion, axpaneuoca a inueli aliongor 
vibiaUon than a iock-buifacc uiulei smnlfu auouinslaiicca But the analogy does not 
aeemto me a good one, foi Lhe lack of conBliainl of objects above Iho auifara is llio aamo 
whcthoi we aio dealing with lock oi with alluvuun, and it is only m so fai as a look of 
cohesion in tho alluvium would permit its suifaoo to bo thiown into Llio air tlial a difloionoo 
m the two aubatanooB might be auppoaed to make itbdf ovldont, but m tho oases wo aio 
coiunrifliing, the shock is not ncaily Btiong enough to pioduco such an ofloct, andbeaidos, 
atiuetuioa built on reck aio not usually fiimly aLLaclil to it, they would bo Uuown up- 
waida juat as easily aa tho they mated on alluvium, if aubjoclod, in the two oaaca, to the 
aame vibiatoiy acodeialum 

Non —Whan ilaimas waio, inwhiah tho vibiaUons am paiallal with a fhssuilheabH refloated 
hum tbs eurfaco, the amplitude at tho auifhooie 1mm u giant u IhaL of Uia incident wavei thoanuill- 
tuda laiiee periodically with tho (balance fkom (ha eurihm In auoh a way thal It oquals tho lain Milan 
amplitude at dataacn of any arcs numbor of tura l/i us i, whom X la tho wavoJenglii, ana t la tho 
anpeof modanea, and it u noaLdulanaoa of any odd miinboi of tima the anmo neiinimlnn With 
tianneMB wavea not paiallal with the wilkce or with longitudinal wavna tho problom la rnuah man 
aompluatod, it would alill resemble Iho ampler am, but tha -renaUone of in tana ty would bo loai markad 
Tho htiDDgaurfua motion would nlond aoma daUnae Into tin medium, tha le probahly why obeorva- 
uommmTnmliaveoiiawnpniatlcally Uieamaintenaty of nunemeuteeatthoaulheo, thedapthof tha 
nnnee a only a (notion of Vl eea * 

THE THEOBT OF HA AOGXAS'a EZFESDIBBT. 

With the object of throwing light an this subject, Mr J F Rogcra made aame very 
interesting expenmenta (sol i, pp 828-835), m which cud containing vuiioub »wwwta 
of watei and held m a wooden box waa caused to vibrate to and fro and the movement of 
the top of the sand compand with the movement of tho box The outrode fence an 
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applied to the sand either at the bees or at the sides of the box and must be transmitted 
thin the Band What ib the charactei of this tianenueeionT Evidently it must depend 
upon the amount at watei oontamed m the sand and aleo upon the faequency of the vibia- 
tions If the Band is faiily dry and the frequency slow, the aand will act veiy much as on 
elastic Bolid body end we may assume that the suceesave housontal leyeiieheai slightly 
o\ er each other ea a solid would do, and that the fanes brought into play an pi opoi tional 
to the shear Hib movement under these oonditMos, when we neglect the ufluence of the 
ardaof the box, would be somewhat him the movement of a flexible lod fastened to the 
bottom of the box Hie lod, however, would be bent with eampieasrona and expansions on 
oppoate odes, whereas the aand is distorted simply by the elastic shear of successive hon- 
sontallayen over each other, but the char actei of the motion in the two oases isvei y simi¬ 
lar To understand themovements of the aand we must consular the foices acting betweoi 
the successive layeie The equation of motion at each a system (piovided the motion 
ianottoolaige)ie 

3 i d l y 


wheie a. is moasuied vei tically upwaids, and y in the duection of motion, f is the time, p 
the density of the mateiial, and n its coefficient of rigidity or shear The solution of 
the equation it the column of send wen Bfaghtly distasted, and then allowed to vibrate 
without further datuibanee. is 

y= dam^x sm~f (2) 

*• ™o 


wheie 


X. a « 

P 


TUa ispiesente a standing wave, of wave-length and period T 0 
a great number of values, namely 




iff 
Set +1 


$ 


and the eonespondmg wave-lengths are 




iff 
Sr + 1 


Tho period may have 

(»> 

(*> 


when If a the thickness of the sand, end 2 m + 1 is any positive, odd, whole numbei 
Introduouig them values u (2) we get 


4 a 4 a 

The longest period with whioh the system can vibrate is 

r a -4ffjP 


( 6 ) 


(«) 


y 

ho 


™»Hb to vibrate aceordmg to the 
and a period P. 


but in ■dHitinn them may be superposed the odd harmonics 
Per the * vibration an vsrtioal lino 

would be dianged into a quarter of a erne eurve, aa shown 
in fig. 20 Equation (B) is the expression used an page 82 to 
determine the fine period of vibration of the strained rooks 
near fnihpi— at ft* time of the earthquake 
Suppose, of vibrating freely, the hue of the eend is 

B em f •, with aa amplitude B 
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The solution of equation (1) nndei these conditions is 



*n so 


y 




cusSt=- 


( 7 ) 


where X, the length of a dntoitumal wave of peiiod P in the eand, supposed 


of indefinite extent, equals 



Equation (7) shows that a mutual 


bLi night lino in the send is dutoitod into a oo&lne curve with Its Trammim 
amplitude at the suifaee Fig 26 shows the loim of this curve, 8 u the 
Niirace and only that pert of the cuivn is followed which lice between 8 
and the bottom at the distance H below it At the suifaee * — II, smeo x 
■ measuiod horn the bottom, end ihe amplitude becomes 


B 


aaeSw^ 


( 8 ) 


JT 

and tins mutes between B end mfimty, ennoiding to the value of the latio of =■ If U 

X *■ 

is any even number of times t> the denominator bocomos 1 and the amphtudo becomes 

* x 

B If if is any add numbor ot tunes -i the dcnominatoi bocomos 0 and the ™ pl»in JA 

infinite If, instead of vaiying the depth, wo supposo it oonsLant end vazy the poilod 
of the distuibance, we got similai leiulla Boplaoo X la (8) by ite value and the suifaee 
amphtudo becomes 


Sir IT 



00 


The fiee panods of the system era given by equation (3), and if P has ono of the values 
theie given, the denominator of (9) booomas the casme of an odd numbor of tftmoi ^ 

whieh u 0, and the amplitude becomes infinite Practically, of course, Motion or a slip¬ 
ping of flu sand would piovont the mplmidw liom becoming extraordinarily 

large 

We see, therefore, from (7), (8), and (0) that the surface would vibrato wi* k 4k " 
penod as the base and that it would always be u the samo or m the opposit 
its amphtudo would novel be loss Ihan lhat of the hose and that it would. 
larger and might become indefinitely laige when the depth of the sand a an 
of times a quarter wave-length, a wave-length bong determined by the 
rigidity of the moss and the period of vibration, or what azftoonte to the 
when the period of vibnbon bocomos equal to one of tho free poiioda of the 
however, the frequency of the vibration should be too greet, the band betwee 
ent grains of Bind would be broken, and the oonditaane upon which the above 
are beaed would no longer hold, the eand grama would dip over each otl 
amplitude of the upper suifaee would be diimmahed If wa apply the abm 
Mr Bogan's eapanments with dty eand, we find it In done agreement with 
When the frequency u very low, Ihe eand moves with the box, in terms of 
we are dealing with only the upper part of the curve In fig. 86, and etnee Mi 
m oompanaon with xthemriaae amphtade as given fay (8) baeo m aa B, the a 
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The solution of equation (1) under Um— conditions is 



km so 


coeSw^- * * 


G) 


whoiox, tho length of a ditloilional wave of puiod Pm the sand, «n ppo wd 

of indefinite extent, equals P^- Equation (7) shows that a vmtacal 

straight lino m the send u distorted into a coiino ouive with its muimmu 
amplitude at tho suitaco Fig 20 shows tho foim of this cuivc, S is the 
suilaco and only that part of the euivo is Idlownd which lies between 8 
and the bottom at the distanco II below it At the suifaee * — H, since x 
a mourned fiom tho bottom, end the inphtairfa htwyna* 


B 

oouSt^ C®) 


and this vanes between B end infinity, according to the value of the ratio of n ns 
X A 

is any oven numba of times —t the denominator bocomos 1 and the ainplunrin hmmmM 

* \ 

B If U is any add number of tunes -i the donominntoi lmcmniw 0 and the Mpli^ 


infinite If, instead of vaiying tho depth, wo supposo it constant and vuy the poiiod 
of tho dutuibanoc, we get similai rasults. Boplaco X in (8) fay its value and the suifaee 
amplitude becomes 

B 


irJT 

'pJ* 

'P 


00 


The fice penods of the system an given by oquation (8), and if P has one of the values 
these given, tho denominator of (8) becomes the oosuio of an odd number of *t™— 

which a 0, end the amplitude becomes infinite. Practically, of oouiso, Motion or a dip¬ 
ping of the sand particles would prevent the amplitude from twnming entrain dmarlly 
largo 

We see, thornforo, from (7), (8), end (8) that the surface would vibrate with the same 
ponod as the base and that it would always be m the samo or m the opposite phase; that 
its amplitude would nevei be loss than that of the base and that it would In genmal be 
larger and might beoome indefinitely large when the depth of the sand Is an odd n™ihw 
of tunes a quarter wavelength, a wave-length bong dateunined fay the density and 
ngldity of the mass and the period of vibration, or what to the same thing, 

when the period of vibration becomes equal to one of the free penods of the system If, 
however, the frequency of the vibration should be too gnat, the bond between the dlflar- 

mt grains flf «mJ mmM hw lrnilwn, miH +Jin iwiihtinira np«n tlia wmiIimwimhi 

are baaed would no longer hold; the sand grama would slip over each other, and the 
amplitude of the upper surface would be diminished If we apply the above theory to 
Mr Bogan’s experiments with dry sand, we find it in dose agreement with Ms results 
When the frequency is very low, the asnd moves with the bos, m terms of fhathemy, 
we ire dealing with only the upper pert of the curve in fig. 20, end sinee H is very small 
fas oompanean with X the surface emphtude u given fay (8) beoamas B, the amplitude of 
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fiont of it agerast tho side of the box, this togelhor with the return movement of the box 
pioduceB a stiong toioe which quickly ic\oiscb tho movemwil of the send, giving it a 
velocity slightly gioctal than the mn\ununi vdoritv of the box, but the taice is not 
eotno again until tho box appioachca its maximum displacement on the otlioi side Tho 
movement thoietoie depends upon the action or tba sides of the box and n not tians- 
mittcd horn the bottom It» elrni lioni Mi Rogou’b oxpoiimonts that the loiccs whon 
the Bond is div me voiy dilloicnt fiom those whon tho sand is vmy wot, and when dif- 
feient paits ot tho sand contain diffeicul amounts of watoi, that Uio movoments would 
be so dilfmont as to pioduco muoh oonfubion 

APPUCATIOE OF THE THEOKT TO SHALL BASINS 

When wa attempt to apply the lesulte of tho oxpeiimonte to explain the com of the 
gieatei diatuibonce m alluvial soil than m lock, no locognue wiUi Mi llqgoiB that it ie 
dangoroua to eoiiy analogy fioin such small quantities to such largo inanee, and we must 
be very caiefully guided by Ihcoiy if we wish to avoid gicnt onoi 

As alicody noted, nlluviuin occupies basins m tho took of moie 01 less extant, end m 
aonaideiing its motions we must divide Uui basins into two dosses, tho fliet compilers 
thaso basins which me small enough, in tho duaction of propagation, for all puts to 
mo\e piocticdly in llio ume phaso, like the box in Mi Bogota's expomnonts, that m, 
thay must be not much Inigci than mi eighth of the wave-length of tho waves in the sui- 
rounding rock With waves whoso peirad is ns nlioil as a half aocond, the basins may 
be somewhat mac than a quiutci mile aria*, but with poiiods os long oa 10 Boconds, 
they may be ovei 0 miles acioss, end slill bo in tin olas Tlio aocoiid claas compmoa 
all luge basins, whcic tho piqgicFMvo cliarocloi of the wavo-motion must be considered 

Whcio alluvial basins oio not oxbomriy small, they no always muoh btoador than 
they ue dorp, usually many tunes nh inuoli, and they uo also aaluialod with walei 
Whim tho maiciial is hugely sand oi ginvd, tlio groins uo held no olosnly Logutlim by the 
weight of tho material lying above thorn that the vlbiallons ean bo Unnsinlltod from the 
bottom in the eamo way ea with diy naiul, but whon tho inaloiialis aofl inud, buiavoiw 
vibiationa nan not 1 m aobansmiltod and the inducnco on Uiosidoa bocomcu iunlorainaut 
Tho limiting case of fluidity is cxomphflod by abcoim, pondn, and ovon vossok eontamiiig 
water or milk, wfaae tho liquid may bo ao gteolly agitated as to be aplnahod out on the 
aidos Mi Bogota's axpoimienle sooui to explain picliy aatnfaobuily Uio lugor mu face 
amplitude and the gnsUct dunago dono In tlio olais of Midi liaslns of alluvium; but it 
must bo noted that the banana have not a dal bottom like a box, but have lathor on open 
V shape, ldrn abeam vallaya, and theic u uo obiupt distraction bolwoon the bottom and 
tho aulas Where the maleiial w eudioiently solid, the vibrations are tian&mitlod bolli 
aa tranaveiM and longiludnud vibiabane bom the bottom, tho aurfaoo amplitude being 
in general greater then at the baso end varying with the depth, the coeEUciont of ngldity, 
and tho poiiod of the vibiatian, the depth ot a basin Ismoro or lees lingular, the dhuaotor 
of the mataiial, and theiefoie the coefficient of rigidity, varies flora point to point; there¬ 
fore the amplitude will very bom point to point on tho surface, and points not far apart 
may be even m opposite phases, ao that moie or lam discordant movements take piano 
The commotion may be eoffloent|> gioat to pioduoe cracka m the ground, espeddly at 
the boundanes of softer end firmer mataiial The damage to baildmp is due more to 
the discordant character of the distuibence than to the mere increase In amplitude at tho 
surface of the alluvium, lar deep pilings with a strong concrete oappmg *mlwMi the 
damage to a remarkable degree, the capping must move nearly aa a rigid body and 
relieve the building above it bom different movements in different parte of its founder 
turn The capping must also diminish the amplitude, far movements in opposite dine- 
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fawn of naighhnnn g porta of the alluvium would be uulHfled by it Whan the alluvium 
ib m> aoft and plastic that aheai mg forces me uuagmficaiit, the Eluvium n flung back and 
faith by tbe 1 section ot the of the basin with effects appuently still woibe thaau 

the fanner case, and with the formation, near the sides, of elevntuma and depieanonb 
resembling waveeuifaces, but they era not true progr e ssive waves, foi the ugidity n too 
small for the aui face waves described an page 47 to be framed, and the vuoosity is 
too grant to peimit of gravitational waves, but the violent to-and-fro motion of the 
Kuan and the low rigidity produce, neai theaidos, elevations resembling a wave surface, 
and tho motion ot the soft alluvium ia ao quickly damped out by its viscosity that the 
foim is flvt and remains aftei the disturbance is avei This condition was oharaotenstie 
of the small fOlod-m swampa of Ban Eraooiaoo, uaually acoompoiued by a general lower¬ 
ing of the surface, due to the character of the lehice used for filling them, this matenal 
was ao little consolidated that the surface haa been steadily sinking for yeaia (vol i, 
pp 241-242), and its vahime was materially teduoed by the shaking of the earthquake 


The seoond darn of alluvial basins am those which am too laiga to be lookt upon aa 
moving aa a whole, that Is, they am huger than an eighth wavoJength, m came cases 
they am many wave-lengths m breadth They are lepiesented in California by the lazge 
valleys, the Santa Glam, the Ben Joaquin, etc We must picture them to oumelves u 
broad, shallow beams with uregubi floras and containing mateiial wfaoae coeflknent of 
ngidity vuias eanaidarably even in neighboiing parts, this matenal la principally water- 
aaahadaanda and gravels, given a ceitain amount of ngidity by the weight of the mateiial 
above it Aa the elastic waves pea thru the underlying rock they enter the alluvium 
and are refracted upwaids on account of the mailer velocity in the alhivuun than m the 
look U tho angle of incidence ia sufficiently small, the amplitude of vibration m tho 
alluvium will be larger than m the look, fra mctMiw*, if we the density of tho 

aUuvmm to be 0 8 that of the rock, and the velocity of propagation one-fifth aa gieat, 
then far normal incidence the amplitude of the refracted wave m the alluvium would be 
neatly double that of tho incident wave in the look, both for comproasional and for dia- 
tartional waves. Aftei entering the alluvium the waves would be reflected beck and 
forth from tho surface and bottom until they were damped out by the viscosity of the 
alluvium, for normal mmdanao the amplitude of the wave reflected from the bottom 
would be fiftaenrsixteenths that of the uundent wave, and then a laige part of the motion 
would be kept m the alluvium When the angle of inmliM from the rook to the allu¬ 
vium ia greater than aero, two reflected and two refracted waves are produced; and 
whan tins ingle fa not luge the refracted wave m the alluvium would stall have a larger 
amplitude than the uundent wave m the rock When reflected at the surface, the wave 
would have its phase dunged by half a period, and if tho length of its path to the floor and 
back agam were a half waveJraigth, it would find itself m the aarne phase aa the dire c t 
wave when it agam reached the surface, and the resulting amplitude would be the sum 
of the amplitudes of the two waves. In many parts of the hainna this ralataon of depth 
to wavelength must approximately have exacted far some of the waves present m the 
earthquake disturbance Repeated reflections would probably result In a nufice am¬ 
plitude considerably greater than woald occur at the surface of oantumooi rook; end the 
mqgalafitlM mentioned above would eauae dneardsnes of motion In panrte near together, 
and thus greatly Increase the damage 

A tirin eostnig of alluvium over the reek would evidently move with the reek end 
would not have on especially laige amplitude, it would be neoeaBazy far ha depth to be 
■timnlMng like an eighth of a wavwWgth. to obtain the foil offset, the small velombaa 
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of truiamwan In alluvium would allow this condition to be osbefled even with a much 
depth than was found m many parts of the laige Californian valleys 
Surface waves would also be a stiong factor m causing damage an alluvium, them 
waves and the inegulaiitie, due to vaiying ooefiieientB of elasticity aie piobably the pun- 
cipal hum— of the increased dninngn an alluvia] soda, even when of auffleient thiehnam 
to evpenenae the aw.nmnUtjiH amplitudes described above 
The sides of the basina would exert no special influence except m their immadiato 
noghboihood, but a cotam amount of 11 regular lefleetion and lefiadian than would 
piobably cause wwl intensity at acme pamta 


THE TOUNDATEOa COEU CI EET 

At Profesear Lawson's auggcstion I have attempted to find some quantitative 1 elation 
between the intensity of the shook an sands, mushy land, and solid look 
We shall Hist conaidei small basins within the limits of San Fianoisoo If we look at 
the pioffles diawn by Mi Wood and reproduced m map 18^ wo find the following esti¬ 
mates of the aoseleiatians (a oolumn has been addod to the table giving the ratios of the 
accelerations on the venous materials to that on the most solid rook I have called 
this ratio the/bintdohon eoeftaenQ 


Tabu 1 — Tht Foundation Coo/tatanl (San Pmo-cs) 
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04 
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10 

AB 
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1,100 

44 

AB 
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U0 

AB 

Bundiy mild make 

'250 

10 


Those obaervsbans aie not all entmdy independent, for mstanoe, the msidi fadL- 
eated m the first and last Bastions is the same marsh, as them two sections go thru it; 
and the first two sections cross an the sandstone of Telegraph Hill. The high intensity 
at the southwestern extremity of section AjB has not been canslderBd because It is too near 
the fault, nor baa the local strengthening of the fatoutty near the middlo of Bastion CD, 
which apparently is not to be mady fay the nature of the terrene at them 

pants The very low inten s ity of only 360 mUHmetere per Beoond par second an adbd 
rook indicates a smaller intensity m Ban Fnndneo than further north, where we should 
have to go at least three times as far from the fault-fane to find the fatuity ** low* 
The table, which givse only a very rough approximation to the eoefflelants, shows that 
the damage on small marshes may re present an acceleration — muoh aa 12 bines sa great 
ai an aoUd rook; on made land, from 4 4 to 116 tames as great; on loom aand, from 2 4 
to4A; and on aondstana, from 1 to 2 4 Ahho it haa been well known that the apparent 
arnnlnration an soft land ia mueh greater than on reek, the ratios obtained Beam very 
mush greater than had been unposted 

The fbDowmg table gives a hat of places an illuvial soil ftn baalne of oonddereble tim, 
too larga to be eontidared amaD baafaa, fa tha aeum wa have uaed tint word 
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The mtansibre ora given both m the RobshFoioI scale and m the absolute bcale of 
aocdoiations, the flirt column undoi each scale gives the appaient 01 felt Intensity, 
and the second gives the gtneitd intensity or what seemingly would haie been felt on 
solid took if it had existed there To detemnne thegmeial intenbity lequuos the exorcise 
or some judgment) guidod of couibb by the intensity map, No 23, this quantity there¬ 
fore is subject to eanadamUa ciiai The same is tme of the values in the absolute 
eoale, we have used Piofeuoi Omon’a estimates of the absolute values of the Rcasi- 
Forel scale foi intensities of VII or moie 1 and Fiofessm Holdm’h estimates for the lowoi 
mtenmbes J The difficulties of obtaining the eoaieet mtensilaes, appaient and gcnoial, 
aeooiding to the Row-Ford scale, and the fuithei difficulty of taanslating into the ab¬ 
solute eoale, on account of the laigei diflaence belwoen the Muccewvo dagiees of higher 
numbeiB of the foimer scale, make the values obtained only approximate, thmofoio it 
must be leeognuod that tho foundation coeffleientb sie fai from accuiate 

The legions about Hamamcnto, Santa Row, and Fiiest Valley seem to have had 
Uieu mtenmhes mm pound least of all the alluvial basins The great destination of 
Santa Rosa suggested a special dietuibance in that legion, but this seems entirely un- 
neeeaeaiy m view of He low coefficient m the table The Selinas and Sen Joaquin 
Valleys have exceptionally high coefficients The value at Salinas is probably ac¬ 
counted for fay the exlromdy loose chaiactm of the alluvium m the flood-plain of the 
liver and its nearness to the fault, but the low value at Sacramento suggests that a 
xundai explanation may not be satisfoctoiy fa Ins Banos end the San Joaquin Valloy, 
and the high Intensity the whole length of this valley has suggested an auxtliaiy fault m 
the legion The fart that the gieotest northeastern extension of the lowei u 

not opposite tho center of the known fault* but ahnort opposite its southern end, and the 
extension of the acme Boedunah to the southeast, where thqy are mote nearly symmet¬ 
rical with respect to the San Joaquin Valley than with 1 repeat to the known fault, sup¬ 
port the view of an auxiliaiy fault in or near thu volley Ota the other hand, it is quite 
posable that tho intensity m the vollqy has been overestimated, and that the alluvial 
dhareoter of the giound may account for tho intensity that actually existed there lam 
inclined to think an auxiliaiy mmlr +.lw hi«t wpiimtmn n f the high mtwu.i ty m the Ban 
Joaqum Valley, but the evidence for it is by no means eatiafactmy (Beefurtha, voLi, 
pp 844,845) 

The greet difiarencre m the eoeffiaante found fm the different alluvial basins are much 
too great to be accounted for by inaocuiaeitt m Ihar determinatuuu, we must conclude 
that there are diftaenere m the ehareoter and In the depth of the alluvium m different 
beans, end probably even in different parts of the same h—m, which are important 
factors m the values of the eoeffiewnts 

1 Os Uhnta hmbfriua Gbmmimnin limp La|ap^ Ho 4 

1 Dottrels HudHpiuhna P 128 
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COLLECTION AND REPRODUCTION Of TUN fflUSMOGMKS. 


Hie intensity of the dioek was bo giett that piactlaally all seismographs, situated m 
any part of the world, leooidod it Shoitly after the eaithquake lottere woio addimt 
to all the —iwmrfngiwl ofaaervatoiua in the woild aaLing foi copies of their seism ogranu, 
and other necesuiy data, and the Commission takers pleasure in axpmsing its thankB 
to the dirccton of the vauoua obeoivatoiiea, who wcio kind enough to send lepoits and 
either their ougrnal scismogiRma 01 copies, whush hove been topioduced in the Allas 
A few, howevei, waio too faint far lcpioductioa and hare boon omitted 

In the gioat majouty of eaaea, copras of the msmogiaina, and not the oiigbala, woio 
sent, and it was not thought necoBaaiy to lepioduoe them m facaimilo, especially aa the 
Ihtematunal Senmological Association has recently leproduced In faeamnlo the uu- 
mograma of the Valpaiaiao and Aleutian eaithquakm of August 10,1006 A vuiy oaieful 
hoeing was theiefao made of each aeumogiBm and this was leproduced by photo¬ 
lithography Some of the Benmogiama, especially those mado fay Milne instalments, 
do not lend tiramadvea to this method, and they have boon ropiodneod by * gelatin 
pioceas Some of these woo too but mpHaeoa to yield good nprodiiotaona, they woio 
aoooidinghy ehghdy atiengthened, the diaftamon keeping wdl in view the ehaiaotor of 
the mstiumaiit and being guidod by the maiginal rocoida, so that the turn foim of the 
central record has been p m s o rvod. 

Gieat cam has boon gmn to all roprodoctiana, and the ehametanatica of tho various 
sdamognma havo hern wdl brought out 

In punting the seismogram than rcoardmg timea aro ao placod that the iamo meioaaea 
born loft to light, it haa not dwaya been poaaibloaleo to mcko tho tamo mciecm from top 
to bottom, but an airow has been placed at tho beginning of tho looord ao that this pail 
eaa readily be found. In moat eases tho times are given m Gioonwich mean civil tamo 
(G M T), 0 hooia beginning at midnight Whom a coiiootlon ■ noeeasuy or where 
local time ia used, the correction to roduco to G M. T la given undoi tho aobmogram, 
the total ooimetum ia always given, including the enor of the dock, tho pexaDax of the 
lecoiding stylus, and the correction for longitude whore local tuno was used 

The aeumograniB are reproduced In thaw oiigiual oao, except In a few Inwimnwn, which 
amnoted These were eaaea m which they were oxtaondy luge and tho copies Bupphod 
were from hand trumgs, so that nothing was lost by the reduction; or oases In which 
the eoplee were already redooed The seismograms on duets 1 and 2 have been inad¬ 
vertently reduced about 2 per cent, bat this la unimportant It was desired to arrange 
the eeumegrama inlfao order of there dhtanooa tram the angm, but pn acoount of the two 
different methods of reproduction, and the greater number of plates tide plan would 
require, it was given up and the sekmogreina imaged ao aa to make the amaDoat pos¬ 
sible number of plates Theaeumogtamaframany station oan readily ho found from Ihe 
bat of obaervatonos, tom the oaotenta, or tom the table of oontanta of the Atiaa. 
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Li the following bat the obioivataiies aie aiianged in the ordu of their distances fiom 
the oiigin of tin datuibanoe, and the map, plate 1, ehowe then paeitione graphically, it 
alio shorn thou distances fiom the oiigia and the couises followed by the earthquake 
waves 1 The distances of the stations are calculated along the are m degiees and m 
kilometeia, end along the chord in kilometers In calculating these quantities the oidi- 
naiy tugonometncal formula are used The earth is considered apheiical with a radius 
of 0370 km , which gives 111 18 km foi the length at one degree of ate (Weoanieadily 
convert kdometeia into uules by multiplying by 101) In the collection of data all 
information available aiding in the mteipietahon of the ammagrama n given Altho 
other ubtrumenta m the same observatory may have recorded the shook, only those 
whose lecoids wbio obtained are mentioned, and all theu constants, so for as possible, 
aio given The component indicated iofna to the direction of the oaith vibiationa 
recorded, foi mitanoe, a hmuontal pendulum m the meiidian would record the east- 
west component The abbreviations used have the following meanings 
T. tho complete period of the pendulum without damping 
V, the magnifying power foi very repul initiation 

J, the indiaatoi length, a* used by Piafenm Wiechart It is the product of the 
length of the umple mathematical pendulum, having the samo peiiod, mul¬ 
tiplied by the magnifying power, V Its value is therefore (T ( /2 w) 1 g V. 
It u aho given by a/a, where a ta the displacement of the pouter due to 
a tdt,«, of the giound On amount of fiictum them two values do not 
ahranagioe The value obtained by the fiut method is given, and 
Angular displacement gives the displacement of the pointer due to a tdt 
L, the dietancQ of the canter of osoillation from the ana of rotation, it equals 
the length of a mathematical pendulum of the same type, as defined on 
page 166 

V, the length ot the annplo mathematical pendulum having the same period 
Its value m meters is practically the square of half the period m seconds 
hi, the nraaa of the pendulum 
a, the damping ratio of the vibrations 

r, the frictional displacement of the medial line, aa defined on pagp 163, and 
shown m fig 43 

In the majority of cases the values of tho constants, or data sufficient to oalculate them, 
have boon supplied by the duectoi m charge of the instrument, m tho ease of the Milne 
or the 10-kilogmm Boseh-Omaii instrument, the values of some of the canstanta could 
be obtained fiom exactly similar inatrumcmta installed m Baltimore The value of L for 
the Wieohert inverted penduhim re taken hum Dr Etiold's leport on the Lupng uiatru- 
ment The tunes of the arrival of the different components at the station as reetndad 
by the various instruments refer to the firdt pntmmuy (remora, the secondprdiminary 
tremors, thenpafar waaai, the principal part, and the maximum dutasbanes The hour m 
usually omitted as unnecessary, whm the tunes are reported in minutes and seconds, 
they are indicated thus, 31" 43", when they are reported m minutes and tenths of min¬ 
utes they are indicated thus, 317" The interval of time required for the waves to reach 
tho station is given by subtracting the time of the shook, 12 s 28P or 12 6™, from the time 
of amval The amplitude is the displaeanent of tho points' from its position of equihb- 
nuxn measured on the seismogram in millimeten, and always refers to the maximum du- 
turbenoe unless it stands opposite eomo other tone The earth's amphtads ■ the corre- 

■biui—Two oT tba stations have bean abchtiy mia(dued Kodaikanal, Madna. Should be about 
Sfl mm norihaf the southern end of India and aSoiuainllyriMant hum tlwaanto tan sort ami wart 
Mountain rtould lie m tba aoutfaeutere amb bntwaan the line inartaiig 20 s 8 nod the md 

northooudi hue thru the urtpodae of Ilia onaui, and pmelurtlyfeandmii thaae luaa 

00 
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bpondmg displacement of Uio caith The period lelates to tho pciiod of tho eaith-wavca 
as 1 ecoided on tiro soisniogiam, and not to tho naluial pcuod of the pendulum Some 
of the times and othei quantities ielating to the locoids wcio sent bj the dnectois of 
tho vaiious obscivatoim, aozno wcio outlasted ducctly fioin tlio qcnmqgianui A dis- 
cuuion ot any special chaiuctciatic* which a seibinogiam may hoso follows tho rocoida 
ot eaoh station 

Usually dilleicnt instillment* at the samo station givo semen hat diDoienltimofiloi the 
anival of the venous phases The causo ot th&c difloicnccs u not known and tlio avci- 
age has been taken as the lecoid of tho station In a few eases some insliunimlH have 
evidently been lato misspending to the distui banco, then icooids liavo been dnrcgaidcd 
The directum ot a station a tho anglo at the ongin between tlic mcndian and the gicat 
cnolo pausing thru the oilgin and tlio bLation 
In oidoi moie leadily to And the data of any particular station tho following alphabeti¬ 
cal lat lefois to the leomds and tho aonmogiains 


Brin 


Inui (Zuncb), llnpir 
Uameda. udiToinu 
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Students’ Aabonomiciil Obaecvatoiy of the Umvciwty of CSatafoniA Prof A 0 
TiWMB b"*" , dueotoi 

I*t 37° 63* N , long 122° lfl 7 W , altitude, 07 moteis, dntanco, 046° oi 51 km , 
direction, S 68° E 
Foundation, Bolid lock 
Senraogiams, sheet No 3 

The mstaumeni* used ireie (1) Ewing tin eo-component seismogiaph, (2) Ewing duplex 
pwiHiilum, V, 4 The leeording plate of the thiee-component eeumograph was rawed 
off it* healings and tailed to i evolve, and the biaekete iceoiding hoiuontal motion wmo 
so diaaiianged that no lohafale roooid wnb made; bat the weight leaotdmg vortical mo¬ 
tion showod a maximum displacement just within the lange of the installment, namely, 
76 mm, and as the magnifying power was 17, end the fnotaon so gieat that it wee practi- 
oally dead-beat, we may fauly oonaludo that the maximum veihool lange of the ground 
wb about 45 mm, and the amplitude half an much 
The duplex pendulum racoid n gieotly canfuaed and much attested by the stops which 
limit the diapUcanentof the pendulum, but by a careful study of a gieatly magnified 
leooid, Piofesboi Leubchner has oueeeeded m working out the enily part of the motion 
which niepioduced separately on the left oltfao complete Bnamogiom The directions on 
the Basmognma show the dneetians of the eai th's movements As the magnifying powei 
n 4, we soo that them was first a movement of the eaith of 4 5 mm towiids the east, that 
is, a way ft am the aiigin, followed by a movement of 65 mm to the north It then swung 
towards the west and back to the southeast The ohnioeter of the movement flora thiB 
point can be more easily understood fiam the Bcmmqpam than ham a verbal deociiptaon, 
it is soon lost in the eonfiued raeond which shows a groat deal of uregulaiity, this must, 
however, partly be due to the influence of the stops which limit the movements of tiio 
pendulum The stops Bunted the motion so that on eaith-amphtuda of only 11 mm 
was leemded, fai lea than was actually experienced 

OAKLAND, GAimmnA 

Chabot Ofaservatmy Prof Chailes Buiekholtei, dne e tor 

Let 87° 4ffN ; long 122° IT' W , altitude, 4 ± msteis, distance, 048° or 58 1cm , 
dneebon, 8 59° E 
Foundation, alluvium 
Senmograms, sheet No 3 

The instrument used wob a Ewing duplex pendulum, Y, 4 Hie seismogram is too con¬ 
fused to give details, but we see eleariy that the movement of the pendulum was hunted 
hy the nature of the instrument, the movement seems to have been m needy ill direc¬ 
tions, end more or less uiegular, the this irregularity wee undoubtedly m pert due to the 
pendulum's shikmg against the side of tho earn The begmmng of the movement can not 
be made out an the seismogram The earth-ainplitudB recorded la only 10 mm, muoh less 
then sms actually experienced 

YUUNTV1LXX, mnwn 
Veterens' Borne F M fluh t. ■nwnntaniiBiit 

Let 88° 24' N , long 122°22'W; altitude, 60 metere; dutanoe, 048° or 54 km. 

direction, N 45° E 
Foundation, aDuvmm over traehito 
Sesamognmi, sheet No 8 
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The instillment used was a simple pendulum about a metei long, the bob weighing 
815 kg A l«ng pin posses tiedy thiu a vertical hde m the middle of the bob and 
records on smoked glasb bolow, with veiy little fi lotion V, 11± 

The nwiwn oginm rnpinvwih thn lonoiri ph it Tvnn mado by thn pnndiibim If 

the p endulum had lemauod stationaiy, the movements of the eailh would have boon 
just opposite to the roooided movomeots ot the pendulum, but the record is complicated 
by the fieo swinging ot the pendulum, which was subjected to little friction The bogin- 
ningof the movement can not bedetermined from thesenmogram, but from ohbei vation of 
a swinging electric light Mr daike lopoits it as north to south The wusmogiam shovrb 
a movement m the northwest-southeast quadiants with a fslrly mnfbrm amplitude of 
25mm The diieotaon of the pendulum's awing changes, but shows little lotstmy motion 
Singularly, there is no large motion m the northeast-southwest quadrants, the motion m 
this duootion being represented by an elliptic swing with ria long ass directed to the run th- 
cast, but with only one-third the amphtude of the larger The smallness of thu 

fiiction, and the lack of asset information legarding the ponod of the waves^ make it 
impassible to determine the true amount of the earth's motion 

Mr Clailce gives Iho foDowing aoooont of the disturbance 

"The first motion was a tremor that swiftly Inenaasd in intensity from north to south, 
and was quickly compounded into a twisting motion accompanied with severe upward 
thrusts, a ‘ ohurung motion 1 Then followed a jerky easterly end w e s te rly motion, with¬ 
out the upward thrust, and again the twist, at the end the motion seemed to be south¬ 
easterly and northwesterly Houses were jeiked upward Ghimnays were thrown down 
at the latter part of the snook " 

It is euiiouB that the pendulum did not indicate more dearly the existenee of lotatory 
motion, and It fa still more ounous that there was so little motion in a northenateily 
directum, the directum of propagation of the disturbance 

mwm, GAUraaai 

Mills College Observatory Prof Jasiah Keep, director. 

Imt 87° 47" N; long 122° 11 # W., distance, 0 55° or 61 km ; ducotum, 8. 81° ID. 

Bamogrems^ ahest No 8 

The instrument used was a Ewmg duplex pendalum, mechanical regiBtiation on smoked 
glass; V, 4 

The lebmogram shows a confusodieeard with the beginning undotemunod The mark¬ 
ing pamt his jumped ind uuiBt havo been oaught boyond the glass plate, as the record is 
evidently moomplste. The reoardod amphtodn corresponds to an earth-amjditade of 10 
mm, bat it must have been much greater 

SAB JOSE, CAUFOBHIA. 

Umvenzty of the Padflo Prof J. Culver Hartsdl 

Imt 87°20' ± N , long m°5F±W., altitude, 25 ± meters, distance, 1.01° or 112 
km ; directum, 8 45° E 

Fbendebon, dtavmnia 

Seismograms, sheet No 8. 

The ins trum e nt used was a Ewing duplex pendulum, F, 4. 

The heginnmg of the movement is probably contained m tho blur near 11 W, M but It is 
hnpoadbfa to determine in wfaat direction the pointer moved from this spot; the pouxter 
must have oaagfrt, far the aeiamqgrm evidently repraaepts but a small part of the dis¬ 
turbance. The reoorded amplitude corresponds to an earth-ampUtade of 10 mm.; bat 
It must have been mush greater. ■ 
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LOB GATOS, CAUFOBHIA 
Fiivate obsei vatoiy living H Snjdei 

Lat 87° 14' N , long 121° 5VW , distance, 1W°oi 1151m , dnection, S 38° E 
Foundation, on sod not fu fiom solid took 
Susmogiams, sheet Mb 3 

The instruments wmc Rocket seismographs Two lend bus aie each nuppoitod 
at the eentu ot two thin uiculai segments, bo that they lock easily on a smooth plate, one 
in a noith-eouth, and one m on east-west duectum The movements ot thorn loekeis uo 
lecambined by mean*' ot levins end a iccoid is made on smoked gloss entnely analogous to 
the icaoids of a Ewing duplex pendulum The movement ot the ooith was mognihed 
about foui times 

The uiows show the duactions of the motions It the muking punt is supposed 
statumuy, it would be necessaiy to inbcichange the iluectums noith and south, cast and 
west, moidei to lepiescnt the tiue movement of theeuth The movement seems to haw 
begunm the Uuiied maik near tho middle of the seisinogiam and the Gist distinct move¬ 
ment of the puntu was towuds the west, and thuetoiothe hist distinct movement of 
the eulh was towards the east This was fallowed fay movements in vuiaus (Inactions, 
the \iolencQ ot the distui banco quickly disuianged the igoLsm, and the leeoid a toy in¬ 
complete Hie iscudLd eai th-omplitude is only 5 ram , buttles was much less than the 
leal maximum 

MOUNT HAKLTGR, CALDORHIA 
Liok ObsBivatoiy Piof W W Campbell, dnectoi 

Iat 87° Tff N , long 121° 30' W ; altitude, 4,210 metna, distance, 110° u 120 km , 
duectum, S 83° E 

Foundation, solid lock, the obsn vatuy is on the summit of Mount Hamilton 
Sewnogianis, shout No 8 

The instiumoots used weio (11 Ewingthiee-componentsoismogiaph, V nmth-south 
component, 4 2, cast-west component, 4, vutieol component, 18 The ippioduced 
seismogram is only half tho size of the original and Ihuafue it only wisgnifl— the dis- 
plaoemontB half as much as indicated above 
(2) Ewing duplex pendulum, V, 4 In leading tho actual movement of the giound 
tiom tho duplex nicoid we must mtetchange the dnectuns cast and west Both 
msbuments lecmd on smoked glass Hie duplex leeoid shows that the euth fiist 
moved fin a distance of 7 mm m a duoetnn S 00° E, that is, away fiom tho oiigra, this 
was followed with same uregulanty, by seveiol vibiotians paialiel with this dneotum, 
with incieasing amplituda, and then the movement beoamo confused, theio was much 
jumping of the pen, and as much of tho movement wee not leemded, the pen must havo 
been hdd oft the plate UnbntunataLy we can not say positively when the movement 
leemded on this instiument began, but ita amplitude makes it most probable that it 
bepn at the oome tune as the recud on the other instrument, namely at 6* 12*° 45* 

Ahho the eeithquako wae flist felt at Mount Eoimlton at r 12F 17, the Ewmg 
thiee-oomponent seismograph was not set m motum until 6* 1? 45*, that h, it was 
started by the violent shock Una was the nearest instrument to the centrum that was 
dnven by a clock and which sepaiated the vauoua phases of the ahoek Wo note that 
far 0 seconds the disturbance was comparatively slight and then came the strong move¬ 
ment which cut led the pens beyond the limits of the glass plate The north-south com¬ 
ponent was soon caught and, with tho exception, of one spasmodic swing serosa the plate, 
did not lecord ogam fori minute 40 seconds, by which time the disturbance hid very much 
diminished The cast-west component seems to have bean bettor pis«»fl , for althe 
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the pea swung noil ott the plate, it docs not soom to haw been caught tor moio thnn 
a few second* at a time The valicol cuuiponont iccoidixl but little o\cn duiing the 
eailioi phase, and when the hea\> shock began, 0 socoiul* altci the beginning, it was so 
deiangcil that it breanie pemiaucnLly caught and incapable ol sibialing, so that its 
lecoid is simply a eucle on the plate The t>eibinogiain shows Hint thcic woie nt first 
Uio complete ubialions ui a dnaction about noiLhweel aiul southeast, the pcnod ol 
the flist was about 1 second, that ol llic second about 4 seconds The lust move¬ 
ment was towaids tlio eoutlieost and amounlud to 7 nun , tho second movanionl in 
that dncoLion aas twice as lai Tlio vcitieal movuuont was hibL upwoid and amounted 
to about 15 mm , tho pcuod was about Lwiec aa long as Uial of tlic lioiuoutal mo¬ 
tion But this may be due to deiangemenl by (ho shock Tins bliowb quite elaaily 
that Llic fiist moveuicnL ol tho giound was duoolod away fioin tho oiigui of the shock 

At the begmmngof llicbtaong motion, at 5 h 12 n 54 a , Llic a lbiation had a pauod of about 
2 seconds which boon mucobod to 1 oi 5 scooiuls mul, ut tunas, was even os gieal as 
10 socandb The noilh-south component, as rccoidcd at 5 h 13™ 17, shows an outh- 
amphlude of 4 om Tho maximum cast-west amplitude leaoidcd was about tho saino 
Tho beginning of the nliong movement was dueolod towards the noilhwosl 

cabsoe ciry, bevada 

CuiBon Obboivntoiy Piuf C IV Fucnd, duccloi 1 

Ini. 30° 10'N , long 110° 47W , altitude, 1,420motels, distance,2 02°oi 201 km , 
duration, N 01° E 

Scismogtame, sheet No 3 

The uistiuincut used was a lfiwing duplex iienduluni, V, 4 

•Vltho the Bcisinogiam sliows movements in all duurlioiH, it dilluis very inaloiially from 
the bcumogiajiis of sunilai uiebuinruls neaiei the uiigin We do noL find llie sudden and 
luugulai changes m dueclion, but the cliangn me lalhoi gaullo At this dwtanco fiom 
tho ougin tho distui bonce luul become a gentle hwmg with a i>ciiod of bIjouL 8 eueoude 

Piotoaoi l’nond gave tho tune ol snivel ol the disluibiuieo as 5 h L2 n 25* Tim u 
8 seconds bcfoio the occunnice of Lhe heavy shark, aiul wo air led Lo the mqmry 
«hoi hoi it may 110 L mfci lo the oailici lighL distuilieiico, whioh oocurrad at 5 h ll n 5P. 
This, howovci, is negatived by two facts, II tlio fnsL duiturbaiiao a oh fnlt at Caison Oily, 
the violent shock, winch was many tnnoH nliongoi, tthould have lnmn fdt at a fai gicaloi 
distance, wlicicax Winnamuaca and Kuioka, alioiit twiro as fat train the ougin as Gnison 
City, aio the most, dislanl points white the iIhLuiImuicq was noticed, and the lateiraly at 
thrao places was so much Ins than at CamouCily, that wo must suppose llioy oil lolt Lho 
samo distui banco, it daos not scoiu ixwsiblo that Liaison City could havo foil the oarlioi and 
light oi shock and that tho violent shark was not toll at lor gioator dnlanoos thouWlnno- 
mucaa and Euiolm Again, it Caison City fell tho oailicr uhook at 5 h 12“ 27,27 seoonds 
aftei its oecunenee, the velocity of tiansmMum would havo bean 201y27 or 108 km /soe 
This io gieatai than eon be admitted, lor lho velocity of imnsmlsuan ineraoiNB with the 
distanco moasuied along the choid, and tho velocity loi pomts tan timeB as foi fiom lho 
oiigui ab Coibon City is only about 85 km /Soo Wo mo obligod oithm to supposo that 
theio io on aim m tho time icpoit horn Caison City, oi that a light local shock oceuired 
u its noighboihood a few seconds bofoio the violent dioak occurred on the ooest Hie 
latter could not have been fdt at Caison City bcloio 7 13“, and as theio is no reoord 
theio of two disturbances the bupposiUon of a laeel shock seems impiobaUo It is veiy 
unfortunate that we can not use tho Caison City observations to determine the velocity 
of propagation of the eaithquahn distm banco 

■Mew Mood died In Juuaij, 1007 
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VICTOKIA, BgTBH COLUMHIA 

Metemologicil Office B F Stupa it, F R S C, director, E Baynes Bead, superin¬ 
tendent 

Id* 48° 27* N , kng 123° 22f W , altitude not much above eea-level, dutance, 
10 41° or 1,157 km , chard, 1,155 km., direction, N 20° W 

Foundation, ealid rock 

Seismograms, sheet No 1. 

The Instrument uaed was a Milne hoi mantel pendulum, east component, photographic 
registration T„ 16 aecanda, V, 01, J, 330 meteia, angular displacement, 1 mm 

— 070*, if, 256gm , L, 160cm 

Eastocmponait first preliminary tiemote, 14 2“, second pnehminaiy tremon, 14 7 m , 
mavnnum, 171“, amplitude, 17+ mm 

There Beam* to have been a leinloi cement of the motion at 15 2“, and at 101“ the 
motion was ebang enough to join the lecmds fiom opposite sidn of the seismogram, 
that la, the amplitude of the pointoi exceeded 17 mm , thn continued with alight inter¬ 
ruptions foi 11 minutes, and then duninibhed with many irregularities If Viotoiia 
raemded only the violent shock, the velocity of propagation would have been 1,156/104 

— 111 km /See, which afar too gieat, we must theiefoie believe that the beginning of 
tho leeard refers to the eeiliei and lighter motion that began at 5 h ll™ 58* at a point 
25 km fditha ham Vietana The velocity would then be 1,181/134 - 8 8 km /see, 
which is a httlo but not much luger then might be expected The beginning of the 
Btiong motion on the seiunogiam, coming a half minute alter the beginning of the reooid, 
oceuis too eaily lor tho long waves from the eailiei HmImiIimm, end too early oven fa 
the eeoond pielmunaxy tiemae It mimt lepteeont the fint pralumneiy tiemois of the 
violent shock, whole velocity would then be 1,155/184 —8 0 km /see. We thus get two 
lecoide of the velocity of the fiiet ptehminiiy tmmois, which egiee vay well when we 
consider the difficulty of determining the exact panrt on the seumagrem where the 
movements begin, and the further difficulty of leading the coiresponding timw as near es 
a tenth of a minute The strong motion, beginning at 101™, would conespond m timo to 
the aiuval of the eceond praliminaiy tiemme of the eailuu shook, but as this shook wee 
not felt m Sitka it does not seem potable that it could have mode bo great a record m 
Victoria, even tho the letter recoded especially the transverse vibrations and the former 
the longitudinal The lanundar of the racod is complicated by the overlapping of 
vibrations earning apparently from different parts of the fault-plane. 

BRKA, ALASKA 

Magnetic Station of D S Ooast and Geodetic Buivey. O H Tittmann, superintendent,, 
Di H M W Edmonds, magnetic observer 

lot 57° OB'N , long 135°2(7 W , altitude, 16meten, diatuee.2072°or2^08km , 
chord, Si, 291 km , direction, N 19° W 

Foundation, directly an solid rook 

Senmagrein^ eheet No 11 

The instramartwai a Boedh-Omon horliontal p^niiihim, mwth camp amat; wmnhmlMl 
registration an smoked paper 2V, 14seconds, 7,10, J,490metm, *10, r, 10mm , 
If, 10 kg , £,75 cm 
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Theia weie no icgulei tuna maika on the Bewnagianui, but certain maika have been 
made eitifioally, which enable us to make feu estimates of the times 
The motion begin? veiy gently at 17™ 02% at 17" S2 1 uationgci movement oceum, 
which dica down in a little ovoi a minute, it u> posable that thu ie the lino beginning of 
the fu»t piehrmnaiy tiomois, at the beginningandaoon aflm the oiul oT ihn movement 
theio weio east-west jnia which shook the loeoiding dium and caubod an ovcilapping of 
the zecoid The bcguimng of the second pielinunoiy licmoiB u> about 21“ Ob* with an 
amplitude of 11 mm Thu continued with some uiqgulnnly until 22“ 82 s , when the 
maika went beyond the limits of Ihn papa,» e, with an amplitude gientor than 06 mm 
The eliong motion lasted about 14 6 minutes to 18 t SO™, end then tho movement con¬ 
tinued with small amplitude and ocuaslonal lobnfoi commits untd about 15^ 17“ It ie 
not unlikely that tho times at Sitka aio ell about a half-minuto too late, this collection 
would make them accoid bettoi with obsavationB from othm atahona in diawing the 
hodogiaphs 

The damping u entirely negligible, and tho solid fiieUon is not luge The pmiod 
dunng the laigo motion u plastically that ot tho pendulum, so that it is impossible to 
estimate the magnification, oi tho aolual movemoit of the oailh 
Tho question aiibos Did Sitka, like Victoiia, loooid the caily slight shock or only 
the violent shock? If It lecoidod tlio early shook, tho avrnago veloaly fiom tho oiigm 
would have boon 2,310/301 — 7 03 km /sec , but sineo this shock reached Viotoiia at 
14 2“, it must havo piogicssod liom that neighborhood to Sitka at a rate of about 
(2,81b — 1,180)/170 ■■ 0 7 kin /too Wo can not behave that the distuibanco advanced 
foi thefiivthalf of thodntBneoloSilkaataialoof88km/eoc,andfoiUiBBOoondliBlf 
only at a late ot 0 7 km./tec Wo aie, thadoro, obliged to bdiovo that Sitka, which 
lecoided tho component at light angles to tlial looordod at Victoria, i colly icooidod 
only the violent nliook, the vclooiLy for which thou becomes 2,201/274 — 8 80 km /tee., 
which is about tho volooity wo should expect 

TACURAYA, D F., MEXICO 

Observatono Astrononuoo Naoional Senoi F Valle, dirootor 
I*t 19°24'N , long 00°12^W., altitudo,2,280maLom, dlstanoo, 27.70° or 8,081 km , 
ohord, 3,060 km , du action, S 54° E 
Foundation, alluvium. 

Sasmograma, shoot No. 9. 

Tho uetiumaita used were Baeoh-Omon horuontal paninium^ two horuentel com¬ 
ponents, mechanical logutraUon on onolcod paper 
(1)Narthcomponent T„ 178 sooands, V, 15, /, 1,120moton; AT, 10 kg.; £,76am 
OQ East component T v 178 soconds, V, 16, J, 1,100moton, AT, 10 kg , L, 75 em 
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Tho seoond phase is much stranger cm the east component than on the north component, 
whioh is duo to aynohnnuam of periods, and the long waves begm more definitely on the 
east component 
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BEPORT QT THE CALIFORNIA EARTHQUAKE COHHIbSION 


Ha peiiods dining the stiong motion appioaeh those of the pendulums and theiefoie 
we aan nut Cbtimate the earth's movemont, tlu, lout that the nuikei goes beyond the 
limits ot the tecoid veiy neai the beginning ot the Bhang motion shorn, howevei, that the 
eeith'e displacement vu large 

CLEVELAND) OHIO 

Bt Ignatius College Obaeivntoiy Bev F L Odeabaoh, S J, dnectoi 
Lot 41° 20* N , long 81° 4? W , altitude, 230 meteis, distance, 3147° oi 3,408 km , 
ohoid, 3,456 km , duection, N 71° E 
Eoundatum, sbft day 
Baanogiains, eheot No 3 

The usbument used was a heavy pcudulum, prevented liom swinging by foui eoibon 
loda pieviuig against it m dimahans 90° apart Elect! ic currents peas thru the ooibans 
and the pendulum and then thru oar efully bolancerl solenoids, which coin peua mwilung 
on white papei At the bme of ashoekthcpteesuieof the pendulum against the oaibons, 
and hence the euirents, vary, and the marking [*cnb ore displaced, making a raeoid 
He pieliminniYtremoibcaziiiotbemadeout, butthc principal put begins about 13 h 29 4“ 


TORONTO, cawaha 

Ueteoiological Office R F Stuport, F R B C, dnoetoi 
let 43° 40' N , long 79° 23' E , altitude, 107 5 mitcii, dutonco, 82 93° oi 3,571 
km , ehoid, 3,010 kin , duection, N Wi°E 
Foundation, boulder day, 82 meters above lake Ontario 
Beismogiuns, sheet No 1 

He inutiument used was a Milne honaontal puidulum, east eomponent, photogiapluo 
legutintion Ta, 14 B seconds, 7,61, J, 330 meter b, a, 1061, angular displacement, 
linm-066*, il, 256gm , L, 156cm 


Interval 
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Beginning given an 193“, intensified at 24F*, and agem at 27b“, at 320" the 
records jam from opposite aide's, i e, tho amplitude wee gieatei Him 17 mm Hu con¬ 
tinues with one mtaiuption for 10 nunutea He motion die<> down oonudmoUy, bat 
at 56 0" the aides again jam for 2 minutes iwth one snail intei luption He lemaindci 
of the reooid re aubaidmg The pciiod during the strong motion ran not be doteiminod 
horn the seismogram on account of the done time scale, but horn teooids at othci stationa 
it could not be very different from that of the pendulum, and thu eoaounta in per t for the 
large amplitude 

HONOLULU, HAWAIIAN ISLANDS 

Magnetic Observatory of U 8 Ooaat and Geodetin Bmvey O H Tittroann, supenn- 
tendent, 8 A Ded, magnebo ofaoerser 

lot 21° W N , tong 158° 04'W , distance, 34 60° or 3 846 km, ehoid, 3,790 km , 
directum, B 71° W 1 

Fou n da ti on, dnectly an ealid omd rook 
Beamograma, sheet No 2 


The instrument used was a Milne hoiiaontd pendulum, east oomponent, 
tegubatum T v lBaeoondB. 7,81, /, 580 meters, U, 255gm ; L, 168am 
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Tlio uistiuincnl was not jin trail v still and the tnno ol tlio beginning b dilhoull to 
determine The time gnen is tlut of the oilmen ei in (Juige Thoio is nwell-nuukod 
nuncinont 00 muiute lain, which may nuik tlio aiuval of wavoa roflcoLcd onen mlci- 
nnllv at the cuilh's Miilnro Tlio tune oL aiuval of llie long waves n not ilchuito Theio 
aia luge vibiationi at 2b 6^ and olhoiB at 201“, tbe lattm fit tho hodogiaph of tho 
tegular waves, but they aio too unen Lain and have not born usod 


OTTAWA, CANADA 


Aitionomicol Obseivakny Di Oik) J Klolz, duecloi 

Lnl 45°24'N , long 76°48' W , altitude, 82mutcis, distanoo,3037°oi 3,032km , 
chord, 3,871 km , duration, N 02° E 
Foundation, bouldci clar 
Hnamogieine, shod No 10 


Tho mitiunumls used wise Bo^h-Ouiou houioiilal pendulums, two honionlal com¬ 
ponents, phologiaplno legiitiation 

(1) Noith component T„ 5 71 seconds, V, 120, J, 070 moleia, t, 100, i, 0 0mm , 
M, 200 gm ; L, 0 08 an 

(2) East component T„ 706 seconds, V, 120, J, 1,600 moleiB, *,170, i,00mm , 
M, 200 gin , L, 0 68 cm. 


(1) Noilh conipnnonl 
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The east component began 18 seconds bofoio tho noith, tins indicates that tho longi¬ 
tudinal motion began lxioic the ttansvciso The noith cailh-aiiipliludo (one mmulo 
oftoi tho ho ginnmg ) was 0 001 nun , niid tho oast earth-amplitude (0 5 mmulo aflei 
beginning) was 0 006 mm Those values are somewhat unoarlam an account of tho 
ftlnumw of periods Tho panda of the wavoa am not very diflorant fiom that of tho 
pandulums On tho noith component tho motion bocamc no Inge foi 10 mmutas after 
310“ that it oan not he followed, it than dim down to qunt at about 10 k On the 
east component the locords aie suporpasod so that the phases oan not be distmgmshed 
after the beginning 

WASHINGTON, DOTBICT ■ CQLPMHTA 

U B Weather Buieau Prof Willis L Moore, chief, Prof G F Marvin in chaige of 
aosmographs 

Lot 88° 64' N , long 77° OB' W ; altitude, 20 6 meters, distance, 8544° or 8,032 
km , ehoid, 3,878 lun , dueetaon, N 74° E 
Foundation, film day and grav’d; solid rook probably within 8 metera 
Seismograms, sheet No 8 
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The mstnimunt need was a Booh-Omou hoiuantal pendulum, east component, 
media meal legutiBtian on smoked pepei T,, 32 seconds, V, 10, J 2,540 inctcib, 
e. 185, r, 05b mm f 3/, 1735 kg , L. 75 2 cm 


n^i 


i PMuw iw B^aii 


But component 
Interval 
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Duration, 4 3 honiu Feihape the long wav® should begin a mmulo oailici The veiy 
Bhang motion only leeted about 4 5 minutes Duimg the second pteliminaiy tremoiB 
tho paiiod was about 25 seconds, and amplitude 96 mm, ooiieeponding to an caith- 
ampbtudoof 04nnn Duiing the togulu wave* at 32 OF when the pointoi went off the 
lecoid, the ponod was about 80 eeeondB, practically that of the pendulum, to that we 
can not draw conclusions legal drag the actual motion ol the gtound 

CBELTERHAB, HAIRLARD 

Magnetic Obeeivatoay of U 8 Coast end Geodetic Suivey O H Tittmann, nupei- 
mtendent, W. F Wsllis, magnetic observer 
Lat 38° 44' N, long 76° 60 O' W , altitude, 72 mrteia, distance, 3504° oi 8,9b2 
km , ohoid, 3,800 km , duet turn, N 74° E 
Foundation, sends end gravel 
flenmogiains, sheet Wo 8 

Tho metiumente used wore Bosoh-Oinou honrontel pendulums, two hoiuantal com¬ 
ponents, mechanical ngutialaon on smoked paper The collections to G H T sie 
negative far hath components 

(1) North aamponant r„ 20seconds, V, 10, J, 1,000 meteis, if, 10 kg , L, 75 cm 

(2) East component T„ 25 eeoonda, T, 10, J, 1,560 meteiB, if, 10 kg , L, 75 cm 


(1) Nmlh component 
(3) But component 
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Dmation, noith, 2 7 hours, cast, 31 houis Tho time of tho Gist prelimmaiy tiemors 
on north component n not very definite, but it n not lata than ltf 1 80 s Tho longitudt- 
nel waves apparently ainved some seconds earliei than the tiansvane This probably 
meins that the longitudinal waves were first felt, and then the diatmbanoe became mom 
complex The regulai waves aio a little earher an the nmth than an the east 
component, an is also tho strong motion 
The dying-out curves sent me to deteumne the damping and fiictian eie too inegular 
to yidd dofinrts results, whieh is probably due to u regulai friction, but if wo n^lect the 
damping end fnobonel terms, we find the magnifying powet of the noith c omjMwnwrfc foi 
waves ol period 13 seconds (IS* 1 34") to be 17 3, and mum the nmpli faiHn nf tha pnAninw. 
is 40 mm that of the earth would be 2 8 mm , with the same assumption, the magnify¬ 
ing power of the east component fm waves of pcuod 9 seconds (13 k 86*) is 11, and the 
corresponding earth-emplitudes, 3 2 mm But both of these values are too small, as the 
movementh of the pendulums seem to have been limited by the stops Itlenotunlikdy 
that the total earthremplitude at may have «nnrnit»ri to 5 mm 
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BALTZXORE, XAKTLAID 

Johns Hopkim Uiurei-Sity Piof Hoiiy Holding Hold, in ehnigo of aoMiiogiaphe 
lat 89° 1# N , long 78°37* W , alliludo, 30 moleiu, distance, 8674°oi 8,078 km , 
ohoid, 8,009 kin , duoction, N 73° E 
Foundation, ctoy* and giavols, about 80 moloii (hick, i anting on lock 
Semmogiama, sheet No 1 

Tho instrument uacd wan a Milne hoiisontsl pendulum, component, N 00° W , photo- 
giaphio legislation T t , 11 socondb, 7, 01 , J, 300 motors, e, 108, r, 0 0 mm , angu¬ 
lar displacement, 1 mm - 0 83*, M, 266 gin , L, 15 0 om 



N 80°W eomponanl 141 SO3 210 JlSkoSOl lT+ 

Interval . 80 18 7 101 

If wo assume that the wave ponod at Baltimoie was tho aamo as that at Cheltenham, 
namely, 18 seconds, wo aoe that tho laigo amplitude atlhib station is duo to aynohiomam 
of poiiodi of the waves and tho pwndiilniiui 

ALBANY, NEW YOU 

Now Yoik State Museum Di John M CSaiLc, Slato godlogiat 

lat 42°80'N , tong 73°45'W , altitude, 20 mo Lam; dwtanoo, 3713° oi 4,128 km ; 
choid, 4,060 km , dheotion, N 67" 1C. 

Foundation, hnvy blue day with inUaboddod mud and gravbL 

Smamograma, shoot No. 8. 

Tho inatnimunta uaod wore Basdb-Oinou hoilsonlal pondulumn, two horuontal oom- 
pononts, mochamoal lagistiatum on Bmokod paper Conatanla for both oampanonta 
3V, 80 aooanda, 7,10, J, 2,240 moloin, Af, 1128 kg , L, 86 5 om. 
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Duration, north, 21 houiB, east, 2 7 houiB The tlmoa of the pnliminaiy tremors 
are two or three mmutea too Into The Btrang motlan on the oast component lasted about 
9 mmutea, an the until component only 2 minutas, but the giootaat amplitude was 
shown by the latter The Btrang motion was not regulai nor long enough to eatunato the 
amplitudes of the oarth's motion 

PGBTO mco (TUQUES), WEST mXEBBL 

Magnebo Obaervatory of U 8 Coast and Geodetio Survey. O. H. Tittmann, auper- 
mtaudant, F H Dike, magnetso observer. 

lat 18°0NN , tong 66°2tf W , altitude,40metera, dbatanoe,6846° or 6,942 km ; 
chord, 5,729 km ; direction, 8.86° E 

Seismograms, sheet No 8 
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Hie mstiumentB uaod were Bosch-Qmoii haraontal pendulums, tiro hoiuontnl eom- 
ponenti, Hiflmiinal legist!atian on smoked papa 

(1) Noith lomponent TV, 20 seconds, T r , 10, J, 1,000 metaii, c, 1 OhO, i, d 25 mm , 
AI, 11 kg , L, 75 em 

(2) Bui component TV, 21 McoodiB, T T , 10, J, 1,100 meteis, «, 10, i, 20 nun , 
M, 11 kg , L, 75 om 
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Duiation, noith, 2 hams, east, 2 5 hams The poiiods of the wave* coincide nith 
pciiods of Iho pendulums and the strong motion letted too shoit a time to enable an esti¬ 
mate of tho caith's motion to be nude Theio set ms to hai e been a ceitorn amount of 
seprn at ion of the noith and east components at the waves, as the strong motion at each 
oaerns when that of the othei to much induced The loguLu waves do not appeal vetv 
definitely 


TBDUDAD, BBITESH WEST HDTES 1 

8t Clair Expeiunent Station of the Botanical Gaidens J H Halt, F L 8, super¬ 
intendent 

Lot 10° N , long 61° 80' W , altitude, 205 meteis, distance, 60 04° oi 0,774 
Lm , choid, 6,460 km , direction, S 80° E 

Foundation, 2 metas of canciete laid an sands and clave 

The instrument used eras a Milne hoinontsl pendulum, east component, photogiapliic 
legislation TV,18seoonda l V,61, /,490meteis, angulai displacement, 1mm — 0C*, 
Af, 255 gin , L, 15 0 em 

Piebminaiy tiemou, 11“, legulai waves, 43“, maximum, 53“, amplitude, llT 
Iutcival foi legulai waves, 20 5 minutes 

The tecoid of the commencement is endentlv ciioneous The tamo of snivel of tho 
icgulai waves at 42P may be fairly correct Diuaban 3 2 bourn 


AHA, SAMOA 1 

Obsavatorium da Kgl QeseUsdiatt dm Wnsenbchaftcn m Gotbngcn Dr F T.inlm, 
duectoi 

Iat 18° 4ff S , long 171° 4fl' W , distance, 6020° m 7,604 km , choid, 7,235 Lm , 
dueotum, 8 52° W 

The mstaument used wee a Wiechat mveiled pmuftii Mm (1,000 kg), two hoiuontnl 
components, menhameal registration on smoked papa. 

First preliminary tremors, 28“ 2Sf, interval, 10“ 54* 

Second piebmmuy tremors, 32™ 24 s , interval, 10“ 66* 
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KBOSAWA, JAPAN* 

Motcoiological Obseiiatoi) 

Lit 39° OS' N , long 141° 07' 14 , distance, 704li° ui 7,831 km , rlioid, 7,340 km 
diicolion, N 65° W 

The installment used was an Onion hoiiMiuliil pendulum, ihm luumal ic*Ki**liiituiii on 
smoked papei 

Fiibt piolinimaiy taouiois, 21“ 07*, liilcivul, 11" 3P 
Second piriinunaiy tacniois, 38" 14*, intcival, 20" l(i* 

Apia haa a Wu<olioit pendulum winch magnifies moic Uian the Omon at Himanwa 
and tliaefoic piobably bliowed llie nuivemont iiuno promptly 

POBTA DKLGADA, AZORES 

Sonnyo Molcoiologico dos Avoirs Majoi F A Cliaves, diieclot 
lat 37° 41' N ; long 25° 41' \Y , alliludc, 10 mclcm, distance, 72 08° or 8,001 km , 
ohoid, 7,630 km , diiootaun, N 66° E 
Foundation, basallie look m a volcanic legion 
Seisniogi nms, slieot No 1 

The mstiuinent used won a Milne hoinanlal pendnlum, east component, pliotogiaphic 
legistiataon T, 61, nngulai displacement, 1 nim - 040*, Jl/, 255 gin ; L, 10 0 cm 


lmM l 1 SSSr m hlaiMI Can Mu Anhiiiimi 


Eul aumpononl AIO SO HI 010 7 0 

Inloivnl 111 Jh Of 

Duiataon, 3 5 Iiouih The weonil pieliuiuioiy beinoiH aie not (lisbngm*Jialde. There 
ih a oiuious difTotonce lxitwcou the sotsmognmin ol Pun la Ddgnda and Lhoso of Paisley 
and Kdmbuigh, at practically Uio Name dislaneo fioui tliu origin In the foiniei, (he hist 
piclunmaiy taemoia aio staongor and llm bqguuung of llio second prdunlnary (reinoia 
aie not clouly diUcionLiatnd, in Lho two laLtan, tlie flint pichininaiy Illinois aio very 
fooblo but the accond pioluuwary taemoiH begin aluuply. 


PAISLEY, BCOILAID. 

Coats Obscivaloiy David Cidley, dneotoi 

Lit 56° 61' N , long 4°ah' W , altitude, 32 metoia, dislaneo, 72 64° or 8,006 km ; 

dund, 7,537 Lm , duoclion, N 81° E 
Foundation, boulda day 
Soamogiams, shoot No 1. 

Tho mstiinnent usod was a Milno homontd pendnlum, east component, photogiaphio 
registiation 3V, 17 sooonda, V, 01; J, 440 melon, angular displacement, 1 mm - 
066*, if, 266gm, L, 160 am 
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Duiataon, 41 houn The pm tod of the long waves wae horn 25 to 80 aaconda 

1 Inftnmntlon obtained from " Pirilmlnniy Nolo on the Salmnoaaphlo Obeemtiona of tho San 
Fimnoeoo hy F Omari, Bull Imperial Nutbquaho uvmgntion Commlmion, vol 1, 

No 1 
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BERGEN, NORWAY' 

Seramoal Station of tho Museum Prof Dr Qul F Koldeiiip, dueotor 
Idt 80° 24' N , long 5° I6f B , altitude, 20 meters, datance, 7270° oi 8,002 km , 
oboid, 7,560 km , direct ion, N 24° E 

Tlie matrumenta iued wen Brah-Oiaon hoiuontal pendulumi, two component?, 
mechanical legatiatioaonsnakedpaper, 7,15 
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The gnat diftsenoe between the maximum amplitude? a probably due to difteiemoee 
m the periods of the two pendnlumu 


KDO U PEOH, SCOTLAND 
Royal Olnervatoiy Thoma? Heath, direct an 

Let 55° 55 ff N , long 3° 11' W , altitude, 1315 meteu, distance, 7209° or 8,115 
km , chord, 7,5TB km ; direction, N 31° E 
Foundation, Devonian lava 
Boianogiana, sheet No 1 

The msbument uacd wee a Milne hoiuontal pendulum, cut component T tl 17 
seconds, V, 01, J, 440 metete, e, 111, angulai daplaeoment, 1 mm ■■ 054*, M, 
255 gm , 2i, 15 6 om 


n^tanmun ta^wwr bnua ^ 


EhitoompoMat S3 5 83 0 480 BOtoOBO 543toB0 7 17 + 

Interval 110 SOB 3D 8 808 

Duration, 8 7 houiB 

TOKYO, JAPAN 

Tokyo Imperial Umveinty Prof F. Omen, D So, dueotor 
Let 85° 42 S'N , long 189° 4fl' E , distance, 78 22° or 8,217 km , ohoid, 7,600 km , 
direction, N 57* W 
fieianogiBiiw, sheet No 11 

Them?trument need wee anOmon hoiuontal pendulum, eeet oampanent, mechenioel 
Hgatratum on Bmoked paper T* 415 seconds, 7, 30, J, 1,200metera, AI, 10 0kg , 
L, 76 am 
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1 The rafonutKW. vu obtained from 
Jahra lBOO^hy Cai! F XoUanii 
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At 15 h 31“, (1), vibration* propagated along majoi me, accoiding to Fiofimor Omoii 
Tho kugo aniplitudeb shown, both at the beginning ot the second pidiininaiy tieinon 
and in the long naves aie duo to appioximato hynchtonibin ot pcnod* of tho waves and 
the pendulum 

UDSTOM, ESGLAHD 
Livcipool Obficrvatoiy W E Plummet, dueotoi 

let 53° 24' N , long 8° 04' W , altitude, 54 mctcib, dintanco, 74 81° oi 8,817 km , 
ehoid, 7,730 km , diioction, N 38° E 
Foundation, samblone 
Saemogramb, shoot No 1 

Tho mstiumont used was a Milno hmiaontal pendulum, east component, photographic 
registration T„ 187neoonds, V, (i 1, J, SSOniclcis, «, 1057, M, 255gui, L, 150 cm 

v ^Sr p TK*r* t a»u»bd* 

Hut component Sid MO 1M1 01*0 M 3, M9 to 58 2 17 + 

Intorval 118 SIS 05 7 301 


Duration, 41 horn* Tho icgular waves can be iccogmied by their gicatei peiiod, 
which amountb to 21 seconds against 19 seconds duimg tho pmunpal put, this becomes 
still ahorlci duiing tho strongest put of llio dutuibancc A compoiison with tho bcib- 
mograina of Edmbuigh, Pauley, and Knw also help to identify this phase, the {hue is 
not so marked a ohango m ainplitudo at itc beginning as m tho other aciamogiuns men¬ 
tioned 

UP8A1A, BW HHW 

Meteorological Observatory of tho Univoisity Piof Dr II H IIildobrandBwn, 
dinootor 

Int 59° 51 S' N , long 17° 37 V E , altitude, 10 motors, distance, 70 80° or 8^588 
km ; ehoid, 7,914 km , duecUon, N 10° E 

Boismograms, shoot No 9 

The instrument used was a Wioohmt mvortod pendulum, two haniontal oomponcntB, 
mochamoal logulralion on smoked paper 

(1) North component Tq, 0.8 seconds; V, 280, J, 2,050 melon, «, 3, J/, 1,000 kg ; 
L # , 115 meters, L, 1 metm 

(2) Esstoomponent T* 53 socands, V, 270; /, 1,900 motaiB. §, 3, AT, 1,000 kg , 
U, 115 meters, L, 1 meter 


(1) North eamponant 94 51 
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Duration, 3 hoars The first end second preliminary tremors are especially well de¬ 
fined The unphtudes of the long waves an about equal on the north and on the east 
components, what appean to be the principal part an the east camsponds to dying down 
of rqgular waves on north It is curious that the strangest motion of east oeeura when 
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north n weak, and the Gist stiong maximum, at 65“ of noith, is at the weakest part of 
east The othei noitli maxima do not eouespoud to any reenfoicement of the east 
oomponeat The largest eaith-amplitudc oeouiied between 13* 1 50“ and 52“ and 
amounted, on the noith component, to 3 Q mm , on the cast component, to 8 7b mm At 
the maximum displacement ot the noith. needle Il4 h 02 m 4?j the eaith-nmplitude was 
onls 12 mm and at the maximum diaplaennent ot the east needle (13 h 54“) the eoith- 
amplit uda was 10 mm , a half mrnutc eailici tho noith eaith-amplitude was 2 8 mm 

SRUXE ISLE OIF WIGHT, EROLAID 
Plot John Milne, P It 8, ducctoi 

Lot 60° 11' N , long 1° IT W , altitude, 15 metois, distance, 77 08° oi 8,560 km , 
clund, 7,9J8 km , dueetion, N 34° E 
Foundation, dismtegiated olialk arm solid chalk 
The lMtiumeats usal were 

Cl) Hilne honsontal pendulum, east component Time scale, 1 mm to 1 minute 
T„ 20 seconds, V, 01, /, 600 metets, if, 255 gm , nngulai displacement, 1 inm - 
086*, L, 156cm 

(2) Milne Hoiuoutal Pendulum, east component, timo scale, 4 25 mm to 1 minute 
Eieiamogianis, sheet No 12 K, 01, if, 255 gm , L, 15 6 cm 
Heavy hoiiiontal pendulums, suppoited by an non post moie than 2 melcib high 
Scismogiama, sheet No 7 

l3) Noith component V, 264, a, 124, r, 02 mm , 3/, 15 kg , 1,1030 mclcis 
(4) East component V, 83, c, 151, r, 0 0, A/, 45 kg , L, 1030 motcis 
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Duiation Cl) 44 horns, (2) 4 8 home The lacge amplitudes aie piobably due to 
comcidence of peuoda, thqy occui at different tunes for the ditieicnt pwnrfnlnmq 

OSAKA, JAPAN 

MeteoiologiCBl Obscrratoty N Shimono, ducetor 

lot 84° 42* N , long 135° 31' E , distance, 77 30° a 8,604 km , clund, 7,057 km , 
dneotion, N 58° W 
Seismograms, sheet No 15 

The instrument used was an Omoii hauaontal pendulum, east component, rnwuhniwal 
regwtiatoon on smoked paper T# 27 seconds; V, 20, J, 3,600 meteiB 

P RS" W’JgSr «« Fun 

■ ■ ■ ■ ■ ■ ■ i h am 

East component 34 24 04 13 47 floi S 1? J? SB 

Interval 11 06 31 M 31 28* 
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Duration, 31 hauls Tht. pciiod dunng the stiong motion is closely that of tho poudu- 
lum and in the absiiuo of iliung (lamping and e\«ut knowledge ot Ihc* damping latiu, 
the movement ot the cuith can not be ebliinaled Tin, lelloib on tlie seisinugiain lcfoi 
to the tallowing bum a, 13 h 21“ 21*, ft, .11“ 13*, t, 42“ 2u*, d, 47“ fiCi“, a, 53“ 51*, 
J, Id 1 * 10" 22" , y, 25" 43*, h, 16 h 0l" W*. i, 10" 11' , j, lli h 88" 08* 

KOBE, JAPAN 

Mrtooiologicnl ObsuivnLoiv U Nakagawn, diiecloi 

Lat 84° 41' N , long 12b° 10* E , altitude, 63 ) meteii, dihbuiLC, 77 5t° oi 8,010 
km , choid, 7,07U km , duration, N 55° W 

Foundation, Palcoioio locks 

Heunqgraias, sheet No 5 

The instiurnent used au* an Omon lioiuontal pendulum, non 111 coin|xuieuL, mci.haiiu.al 
lcgistiation on biuokod paper 35 Hcconds, 7, 10, J, 3,000 inclcis, 3/, fi kg , L, 
75 eui 


(■) 1 ini Pbim ini- (1) Swum Cmiimi- 
■m 1 m him Htm ni wm 


Hu 


VutUfUMi I'iimiid 


■ ■ ■ i « i ■ i ■■ tn 

Noith onmpniHiil 21 2.1 II l'l Ml Hi 12 U 10 21 

Inlural 11 01 21 11 17 OS 


Duiulum, 3 hoiuH Alllio the long waves apimu quite duhiiiLoly to begin at («.), the 
time seems somewliat late Tluw aio two woll-maiked but bqiui a bid a nvu* m tins p.u t 
of tlie motion aith a iionud uf Ml nceonds and a veiv huge amplitude, powiltly in [uul 
due to luu niony of peuoils Tim amplitude ot tlu 1 earth dm uig tlie pi uuuiial |nu t can noL 
bn delei mined as the uuituiii lasted only a shoil time and tlu 1 damping is suiidl 
The letlcis on the HciNiiugnuu lefei to Dm lollowing turn's a, Ur 21" 27, b, 31" IIP, 
e, 41?- 81', d, 53“ 30*, c, 1W" 55P, /, U fc Otr ObV g, 12" 32\ A, 22" 21P, i, ST 1 " 35*, 
j, lb h 20" 13 1 

KBW, ENGLAND 

National L’hysiud LolxnaLury l)r (Jhailrs (Mure, m cluuge of seismograph 
Int 51° Wt N , long 0° IV V , allatudn l li luelom, distanee, 7708° oi 8,030 km , 
choid, 7,080 km , duration, N 82° 10 

Foundation, deep alluvial giavnl, Miwnule hiiirslouo 1,150 Coot below the auibee 
Scismogiams, sheet No 1 

The instrument used was a MU no horuonLal pendulum, east component; pliologiaphia 
rugistiation Tg, 18 to 10 beeonda , 7,01, J, 520 raotcis, a, 1114, r, 0 0 inin , angulai 
displacement, 1 mm — 0 55*, 1/, 250 gm , L, 15 0 rin 
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Duration, 3 8 houn The time ot tho fhat pieliminaiy tiemon has not been used m 
the detemunataon of velocity of propagation, it is fully a minute later than at all other 
■taboos which do not difier oonndenbly tram Kow In fiom the focus, and tho 

beginning of the movement on the aewmngiam ia too wdwftnitn to permit a aatiafaetory 
determination of ita tune. 
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HAMBURG, OEKMAKY 

Wnnpf«iji*.MMi fui Eidbcbenfaiachung Dr R Schutt, duectu 
I*t 63° 84' N, long 9° 69* E , altitude, IS 2 meteib, distance, 79 74° a 8,860 km , 
choid, 8,167 km ; duaction, N 20° E 

The mstiumenls u4d weic Rebcui-Paachwiti hnusootsl pendulums, modified bv Dr 
Herkei, two components, photogiaphio legislation 



n<M puhwiiii 
Tibui 

Becom Bjjumnar 

SOULW 

Wtiia 

n^miM 

North eompoaonl 

■ a 

d“ 42 

n a 

*■ a 

21 57 

But uusponenl 

21 S 

21 87 

44 22 

51 21 

A\atB|c 

24 3J 

21 W 

44 22 

51 15 

Interval 

12 01 

22 23 

22 04 

30 17 


UCGEX, BEL6IUK 

Obseivntouii Royale de Belgique M 0 Leeoinie, diieotoi 

Let 50° 48 1 N, long 4° 22* E , altitude, 100metets, distance, 79 80° oi 8,872 km , 
clund, 8,173 km , dueetion, N 81° E 

Foundation, eousa Teitiaiy limestone 

Senmogiam*, ahoet No 2 a 

The Instiument used wan on Ehleit tuple pendulum, photagtaphio mgutiation 

(1) N 00° E component T v 1125 seeands, T", 100, J, 5,100 meteib, «, 1008, 
r, 0 0 nun ; if, 185 gm , L, 10 0B am 

(2) N 00° W component T v 1063 seconds, V, 160, J, 4,400 uietcH, •, 1004, 
r, 00mm, if, 185gm , L, 1008cm. 

(8) Noith component. Tq, 1115 seconds, F, 100, J, 6,100 meteis, «, 1004, r, 0 0 
mm , if, 185 gin , L, 10 08 am 


N 60° E component 
N 00° W eomponant 
Nath coiapaiumL 
Amn 
lateral 


llamu 

mm 


» 17 
24 27 
24 27 
24 27 

11 so 


21 87 
24 87 
14 87 
24 87 

22 20 


AH thiee pendulums suffered permanent dispheements duimg the 


JDRJEW, RU8BCA 

Astaonomiesl Observatory of the University Prof Dr G. Uwitsky, director, Dr A. 
QiloA, sssatsiit 

lot 58° 28' N , long 28° 48' E , altitude, 486 meters, 8027° or 8^924 

km , ehord, 8,212 km , directum, K 18 s E 
Foundation, fine sand 
BeimngrMTH, sheet No 10 

The metzuments used were ZoDnsr-Repedld horuaintel pendulums, two components, 
photographic rqgubatum 

0 ) North component T* 3168 seconds, 7,646; J, 15,000 rneten, .,1004, r.00 
mm, if, 50 gm, £.18 3 am 
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(2) East component T* 2822 second*, 7, 049, J, 18,000 moUne, e, 1006, r, 00 
mm , M, 60 pa , L, 13 3 cm 




(U Noilh oomponoiiL 
UQ bit rompont.nl 
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Tlie amamogiama aie oucfully dinwn fiom the anginal, puts of whioh won bo fault, 
on account cf the lapid movement, that they could not be reproduced (Hie ourcotion 
to G M T should be +43 neoandb end not —48 seconds, a* maiked on the eoismo- 
giama) The noith eoniponent begins m the middle of the sheet at the bottom of the 
eeumogiam, it had an amplitude cf 16 mm when the sheet was put on This move¬ 
ment gradually died down, but the pendulum was not peifaelly still when the anithquake 
bj lived 3* 10“ latei The flnt ptchmmaiy tiemoia have a small amplitude, about 1 mm, 
and a ponod tho same as the ponod of the pendulum, showing an extiamcly email dia- 
Unbauoe The second pidimmuy ticmoiB have an inmcaauig amplitude from about 
10 mm to 20 mm , at 1 SOT 46* the motion becomes bo luge and tho photographic 
record bo faint lhal it con not be copied, a few turning paints aie shown in the lower 
put of the plate, tlua contuiuee for the leal of this hue The icooid » again picked up 
at tho beginning of the next hne at about 14 k The contci of tho loaord is shown by the 
unglo hnc on the left cf the plate The movement gradually dies down, but still haa au 
amplitude of 20 mm two houia later. Tho oast component begins m the middle of the 
shoot, it has small oacillationB which entnoly die out befoio the pidimmaiy tiamors 
unve The fust pidimmary boniom and second pioliminaiy tremors begin at the 
samo tone as those of the noith oomponcnt, but they have lugot amphtudes, the fiiat 
attuning an amplitude of 7 mm , and tho sooond, beginning with nearly 50 mm, attain 
120 mm by 18* 48", and a fow minutes laiar (IS 1 03" 46*) aro lost Thoyue picked up 
again 8 minutes lalci, and about 14* 26" (hop to on amphtudo of about 40 mm , they 
then gradually dio out mom mogulariy than tho other component The vary luge am¬ 
plitudes ora duo to synchronism of the penods of tho waves and the pendulums 


nruTSK, iubctta. 

Meteorological and Magnebo Observatory M A VomeconaldJ, dirootoi. 

lot 62°lfl / N ; long 67° 14' E.; olthudo, 470 motma, chstanco, 80 82° or 8,980 km ; 

ahoid, 8,269 km , dheebon, N. 27° W 
Foundation, hud Juristic day 

The instruments used were 

HepaaLd-ZbUner honxontal pen dulu ms, two eompononts; photographic registration. 
Seismograms, sheet No 2 a 

(1) North eampanent T* 86 aeoonda, 7, 67 6, /, 17,600 meten, angular displace¬ 
ment, 1 mm. - 0011*, If, 80 gm , L, 14 em 
(9) East oampansnt Tq, 266seconds; 7,676, J, 9,800 meten; angulv displace¬ 
ment, 1 mm - 0021*; Jf, 80gm ; L, 14cm. 

BoaohOman harisantel penduhnna, two oemponenta; ww*™!-! ragblntian on 
smoked paper Bwamogramw, sheet No. 18 
GO North and (4) East componentsi 2* 24 seoonds, 7,10 (1); J, 1,480 meten (1); 
W, 11 kg (1); L, 76cm (1). 
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(5) Milne hoiuontal pendulum, post component, photogiaphio legislation Scismo- 
giams, sheet No 2 To, 20 5 socouds, I", b 1, J, "W meteis, A/, 25S gm , L, 15 0 tin 


^”"* nT 9 cfo,t J | P,ILOII,t,n M|\ \mfiiiubii Pi 
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Duiation, 11} and (2), 0 5 houis, 

(8)2 5, (4)27, 

l5) 4 0 




On the ZeUnci-Rppsbld lceoids thue n no deu evidence ot long woven The stiong 
motion seems to have been btiongoi and to hoie lasted longei on tho eant component, it 
■Iso began ncaily two minuta ouliei, but the noith component shoes a moiked move¬ 
ment between l(r and 18* whioh is locking in the east movement 

It ^ inteintmg to compaio the icemda horn the umilu instiumenh at Juijow and 
IiLutsk, which sic pioLtically tho same distaneo horn the Gentium We find coiLnin 
difteiencea, at Juijew the noiLh component is appaiuitlv the stiongci and hold* its 
stiong molion longis, but comes to lost soonei than the oast component, allot about ltf* 
it seems to be dying down with veiy slight ltiegulaulin, wheieau the east component 
Q\penenccs distinct distaihanees up to 17* 3lT We could give almost tho some 
dcsoiiptioD ol the movement nt Iilcubk if we intetoliangpd components This m quiiouh, 
as the distuibonce appiaachos tho two stations m duecturns nmkuig about tho sumo angle 
with the mciidian 11 ■ unfoitunato that the instiuinonts have so little damping that 
than pioper motions pmaet for a long tune sad inUnfeio with a bettei mtapiolation of 
the soiwnogioms Fui instance, it is impassible hi say whethoi the piolongcd stiong 
motion of tlic notlh compononL at Juijow is due to a continued stiong disUiibanco or to 
the propci motion ol tho pendulum Hie east component may have felt jubL as ationg 
and long a dibtiit banco but its luge displacement may have been cheeked by it Wo do 
not find this diflnence betwcon tho eomponenta cf tho stiangly dnmpnil pendulum at 
Gottingen, which b but slightly luithci fiom the contium 

Tho poiiodb cf the mavoment at Iikulsk aic dcudedly laigot than at Juijow, at tlie 
latlci, duung tho fiut and socond pidnminuy tiemois the panada aie about 80 seconds, 
ieiy neai the natuiol pa nods or the pendulums, at Iilcutsk they aie about 87 seconds 
and 80 amonda for the cast and not th components, mpeotively, in eompuison with tho 
natiuol ponods of tho pendulums of 25 and 85 seconds Dunng the luge motion the 
coat component did not iccotd, nml the north component b too niqgulu to dotoiminc a 
peuod, but both indicate campaiattvely luge diaplacenieuls ot tho giound 

Hie maumum disploeementB ot the Bosch-Omon pendulums at IiLutek aocm ontudy 
due to bjnthionism of pc nods and indicate a eampuatively small auth amplitude, just 
the opposite cf the indications of the RepBdhLZoDiiei pendulums The t anning of the 
kmg waves n not apparent on tho Zollnsr ustniments unless we take it at the tv ynnmg 
of As stiong motion, but appeals pietty well on the Bascb-Omon records, ml the period 
is about 1 minute 

Hie times of arrival at Juijow and Iikutak aie practically the Bsme, mdioatiiig uniform 
velocities along the two paths followed 
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POTSDAM, GERHART. 

Kgl PiauBirohm OeodaUsahea Inshtul Pi of Di O Hooker, m charge oE aeismo- 
giophs 

Let 63° Siy N , long 13° OP E , altitude, 00 inotom, distance, 8136° ot 0,012 km , 
choid, 8,803 km , dnootion, N 26° E 
Foundation, «wnd 
The liiatiuments used wan 

Hbbcui-Paechu lti in ndulums, phologiophic legislation Scuniqgiaiiib, ahoct No 4 
(1) Noilh and (2) East component* T a 18 seconds, V, 80, J, 2,000 mctaiB, ■, 2 5, 
A/, 70 gm , L, 9 am (0 

Wiodioil unci led pendulum, luo compononta, mochamoal rcgudiaboa on smoked 
papci Scibmogianu, dicel No 5 

(3) Noith component T& 14 seconds, F, 183, J, 0,000 rnoteiu, ■ 5, M, 1,000 kg ; 
II, 40 me tom 

(4) East component, r 0 ,14 seconds, V, 130, J, 0,360 metcia, 1,5, A/, 1,000 kg, II, 
40 motets 
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Duialion, 0 lieuis 

On neoount of the ovei lapping of tlio loconls an the ^wmngiAin gf tlio East coniponont 
of tlio Itelwui-Paschwili mstiumcnl the liegimungof tlio fnal two phases oan not bo mado 
out Tlieie was a Nliirimg of tlio median Inin at shout 14 h , alia which it oxaotly ovoilay 
the caihor line Urn copyist has made the terminal pail of Urn curve pass into tho earlier 
pail at about lS h 33“ (18 k 84") Tim maximum amphtudoa ol tho earth, os shown 
by the vaiious lnsliumcnls, appioarli Lite following values, tho the movements weic not 
sufficiently ngulai to make the moasurub exact (l) 1.7 irnn ; (8) 2 7 nun., (4) 2 2 mm. 
These maxunums oil ocouiiad between 13 h 50“ and IIP 67“ The locoiding point 
pasBod its bmits and coased to record on (4) at tho time when the amplitude was measured 
9) indicate* an cnilli-ampliUida of 8 05 mm at 18 h 68“, during tho long waves, tho east 
component at that tuna is not sufficient tl> iQgular to yidd a monaun, but the total value 
must be greotm than 4 

GOITIRGER, GEBHAIT 

Oeophyuikalnohas Institut dor UmvumitU Prof Dr E Wicohcrt, dirootoi 

Lot 61°38' N , long 0° 68E , altitude, 270 mo ten; distance, 8186° or 0,046 km ; 

choid, 8^301 km , dncction, N 28° E 
Sasmogiama, shoot No 12 

The instruments wed, all having modianual rqgukafaon on smoked paper, worn 
(1) Wieohmt mveited pendulum, nmth component Tq, 148 aeeanda, II, 0 648 meter; 
F, 2,100, J, 1,140mctaia; «,80, r, 08 mm., M, 17,000 kg 
Wieohert inverted pendulum, two components 
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(2) Noith component Fg, 14 07aeaoiii]s f F, 152, J, 7,500 metas, ■, 3 B, r, 15 mm , 

M, 1,20) kg; L', 49 raetera . 

(3) liUst iMmpnnwt Fg, 12 0 BBOondbj F, 172, J, 6,700 metfliH, *,34, r, 0 B mm , 

M 1,200 kg, Z/, 3B7 motfflB 

( 4 ) Wiechsrt Vatml Motion Beamogreph Fg, 48 seeonda, F, 170, J,970 metais, 
■, 28, i,01 mm , AT, 1,800 kg, Z/, 57 meters 
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Doling the long naves, at 13 h 54^54 5", we find the following eaith-amplitudes indi¬ 
cated ( 1 ) Noith,0 8mm , (2) Noith,0B7mm , (3)Emit, 131mm , (41 Vciticfll, 164mm 
nt 13 k 52-63", piotobly the total would be about 2 mm Duung the pimopol pul 
(1) Noith, 15mm rtlPfiB" 20F, (8)Noith,058mm ; East,052mm , (4) Vei local, 
07 mm, Bit 14 k 065" pi and (3) give too amal] values foi the pendulum tliuek against 
the stops doling the luge put of the principal pert It u to bo noticed, howovei, that 
(1) gues a lugei and (4j a amallor amplitude than duiing the long waves Piobahly 
the wiwnwim during the pimeipal put was a little gieater than 2 mm 


Obaervatoiio MagncUco-Melemdlogioo Piaf A 8 Viegas, dneotor 
Ikt 40° 1FN , long 8“25'W , altitude, 1403metan, distance,8130°oi 0,040km , 
chord, 8,307 km ; direct ion, N 45° E 
Foundation, Tubisbic Bands tone 
Seismograms, sheet No 1 

The instrument used was a Milne horuanlal pendulum, eaat component, photo- 
gnphie registration, F, 61, M, 255 gm 
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Duration, 8 boon Dating the Bhang the period of the waves wee about 24 
Beeonde, the proper peiiod af the pendulum is not known end the actual magnification 
can not be deteunmed 

LiivflSk amour. 

Eg} n<»ninpMJiw« Bureau Prof Dr Hermann Oredner, direetor, Dr F Etewold, 
aeentant 

lot 51°20' N j long 12° 23 S' E , distance, 8240° or 0,161 km ; dhard, 8^892km , 
directum, N 26° E 
Foundation, alluvium and sands 

•Rie Instrument used was a Wleehert Inverted pendulum, two components; mechanical 
regishatum on smoked paper 




QBBEBYAT0B1SB AND TUB DATA OBTAINED. 


(1) North component T #1 85 seconds, 7, 2200, J, 4,000 motors, ■, 8 06, M, 1,100 
kg , I/, 181 msteiB 

(2) East oomponant T v 86 seconds, 7, Ml, J, 4,360 meteis; ■, 24; M, 1,100 kg , 
U t 18 1 IDBtttB 
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Duration, 44 horns Al 13“ 54" tho long waves of noith oomponant had a ponod of 
about 40 sounds and an unpliUido of 10 mm Thn gives an amplitude on the north 
component of thooailh-movunantof about 1 mm , at the samo timo tho coat component 
indicate* an oailb-fiinphtudo of 1 2 uun, and tho total may bo 16 mm At 13“ 66“ 
41', tho oast oaiLh-anipliLudu u 181 mm and the cambmad amphtude u 2 17 mm At 
18“ 57 5" thu noilh aailh component ib 0 68 and cant component 166, Lotal 106 mm 
'Hum amplitudes oic not oulaioly hustwoiLhy, because at tunas tho mstiument laaohod 
its limit and tho motion wbb not voiy ragulai At Plauon, a substation of Loipiig, and 
00 kin to tho south, the rcaaid KMinblod that at Loipug 
Thesoumogiam from Laipxlg is lopioduoad m “Siabontei Buiioht dor Erdbobanstation 
Lupsig" (Boi dm Math Pliys K1 d Eon BAbbiuchoii Ctaolls d WiBsons su Loipiig. 
Bd LUC, Jonuaiy 11, 1007) A copy of thn wbb An waidod by Dr Orodnor, but tho bOismo- 
giam was ovmlookod, and Lhorofoio is not rapioduood in tho atlas. 


Btmnwarto Pi of Di Rudolph Stmubol, dirootoi, Di Epponstem, assistant 
Lot 60°60'N , long 11°85 , E , allltudo, 166metora, distance, B246°oi 0,107km , 
ehord, 8^300 km ; dueotaou, N 27° E 

Foundation, m tho valley of the Boole River, on 4 to 6 moton of weathered sandstone, 
underlain by tho Bunt aenibtone. 

SoBmograniB, bhoot No 11. 

The instrument used wbb a Wiochart inverted pendulum, two components; mechanical 
registration on smoked paper 

(1) Noith component To, 116 seconds; 7,100, J, 6,800motets; ■, 6 0, II, 1,200 kg ; 
I/, 88 0 meters 

(8) East oomponant To, 116 seoonds, 7, 180, J, 6,000; «, 60, M, 1,200 kg, 
1/, 38 6 meters 
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gj. REPORT ST THE CAIIFOBN1A EARTHQUAKE COUHI&blON 

Duration, 5 0 horns Fiom 51 to 50“, during the long waves the eaith’s amplitudes 
ewe the laigeat, being 2 8 mm tm the aoilh and 10 mm tm the cast component, a 
paesUe total id 3 2 mm At about SB” the indicated caithS amplitudes aie 2 0 mm 
and 15 mm toi noith and oast components, lespecUvdy, and with a possible total of 
2 5 """ , hut thw ib undoubtedly too small, as the instillments reached the stops 


srBAsmnflt gbbhakt. 

tt«ib Hauptstation fin Eidbebenfbtschung Piof Di G Geiland, ducctoi, Dr E 
H mfrJ ph, assn tank 

Lat 48'IS'N, long 7 a 4ff E , altitude, 135 motets, distance, 62 01° oi 0,218 Lin , 
choid, 8,434 km , dimetioii, N 30° E 
Foundation, compact alluvial giovel 
Seismograms, sheet No 14 
The instiuments used were 

Bcbeui-Ehlait inpb pendulums, No 2, tiro components, photogiaphic legistiation 1 
(I) N 80°E component, (2) E component, T„ 10 seconds, T, 45, J, 1,120 matoi* 

(3) Oman homantsl pendulum, east component 

Vieontim win nsmmiyif li , thiee compononLs, mcchaiucnl legislation on smoked 
paper 

(4) North and (5) east oampouents (0) VaUosl component, 1', 85, no damping and 
vaiy slight fueban 

(7) Schmidt tufUaigiavimoter 


(1) N S0°H component 
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Duration, Rebeur, 26 to 8 5 houis, Onion, Vicontinl, dchinidt, 1 to 2 horns Tliu 
possible maximum mith-amplitude m about 0 75 mm, according to the round of thu 
Rebeur-Ehlcrt mstrumont 

The faniiwi, nm plifairipw, mH pwmifa aio taken fiom the “ WochenthchuiErdbcbcnbciicht 
der Kan Hauptatahoa fur EhdbebenfoiBchung sui Stnmbuig," vnth the exception of 
the long waves, principal pait and maximum of (1), which woic obtained fiom the Mumo- 
gram It m evident that the vaiioua tunes undei legular waves do not lefer to the 

■ fpn^ plum 

MOSCOW, iOSSIA 

Imperial Umvemty Dr Ernest Leyst, in chaige of seismographs 
lot 55° 4fiT N , long 87° 34* E , distance, 84 72° or 0,416 km , chord, 8,584 km , 
direction, N 11° E 
Foundation, ssnd 

1 Tim melanin of thece i—*™—«■ an taken limn Ike test ucaninaiijmm "beicimupunma dc 
noidpufaabsn und ■■dm««ilminciiHtn Eidbebeiu am 16 August, 1108,” a publication at tba Inter¬ 
national B n c n dipel Amnaation They pidnbliiko appl> to Apul 18,1808 


0D8EHVAT0BIES AND THE DATA OBTAINED 


Tho imtruniuutN trail wise Bosch-Omou honrnntal pendulums, two components, 
meohonical mgutiation on smoked papci 
fl) Noith uid (2) cn-st components T 0 , 00 sucondi, M, 10 kg , L, 7G cm 1 
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Kgl Oburvatoiium fui Erdmagnctinnus mid Erdbebcnslaiion Dr J D Maser* 
oehmitt, duootoi. 

Lit 48° W N , long 11° 00 ff B , altitude, 6d0 mctois, dibtsnoo, 84 76° or 9,423 km , 
dund, 8,087 km , duration, N 20° R 
Beismogiami, hliral No 5 

The InstiumouL used w.is a Wirahutl liivoilad pnululuin 

(1) Noith and (2) rail coiii|Kincii1i I' n , 121 sceomls, V, 200, /, 7,300 lnelni, ■, 0 0, 
Af, 1,000 kg , 1J, 30 0 incLcii 
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At 13 h 02“ tlie mu 111 Qompoiuinl uf Lite oulh'u mowmnit Is 017 mm, anil tho east 
iuinpunfntl2G, a ixr+ildo total oT 1 STnmn , (hulltiming limiting wavn DuniigLlin 
]niuci]iid puil at 13" .W", llu> rail mdiralin wnul licymul tlin lnniti, indujiling an oarLli- 
um|ilituile of liioia lluui J 25 min , at Llui mum tmui the uuiLli nulii atm hIiowkI an ouUi- 
auipliludoof 077nui, that i% lliolotalamplltudti was possibly gicatm Hutu 147 mm 
At 11" IM“ tlio noith miliiiuloi omeedwl tho hunts, and after that lime no further 
lraoid wus mado 

It is passible that tlio u<giilAi wavn should bo put about 4 minutes amber, but tho 
phase haa token Is evidently Uio sumo as that taken for tho nqgnlar waves at Jana. 

BAN TERHARDO, SPAIN. 

Listitulo y ObBQivatoiio dc Manna CSapilan Thomas dn Axamato, director 
Lat 80° N ; long 0 ° ISf W , altitude, 28 moton, distance, 85 25° or 0,478 km , 
chard, 8,028 km , direction, N 40° E 
Foundation, solid lock 
Saumagmms, sheet No 1 

The mstuimriil used was a Milne homontsl pendulum, east component, photographia 
iqpstiabon, Tg,20MConds, 7,01, /, 000 meters; 4 1.18, Af, 255gm., 418 6 am 

1 The lima at Nmcnw iic taken ham an ordain by Dr E Loyat m tha BuOstln of the Natnnlhta 
of Noaeim, Naa land 2, IBM niqy ora giron to mlnulca only It la orldant that the baginning wna 
not raondad, and tha JamUllcatioii of tha pkun Mlually raoordod la tuuwrtaln 
■Off paper. 
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The ldentiflutum of the beginning of thei egular waves ia vet y doubtful 

TORTOSA, 8PAX8 

Obeervatouo dd Ebro F R Cmia. 8 J. direotoi 

Lot 40° 40' N , long 0 ° 30' E ; altitude, 38 motel> 1 , distance, 85 06 s m 0,532 1cm , 
ohord, 8,600 bn , dneotion, N 80° E 
Foundation, solid rook, motaoeoub btaata 

The instrument used was a Vicentuu iDioiaseranogiaph, two hoinonlal components, 
mechanical legistration on smoked paper. T v 18 seconds, 7, 180, J, 1,450 metcis, 
M, 100 kg , L, 143 meteie 
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Duration, 2 G hours If both components have the same nuumnum amplitude at the 
same time, the total oarth-amphtudo might be 182 mm. 

KSKHaXUVOTER, AUSTRIA 

Obaavatolie dea Benodictmca F Fiani Schwab, direotoi 

Let 48° OB' N , long 14°OB' E , altitude, 880 meters, ckstance, 8677°oi 0,585 km , 
chord, 8,670 km ; dneotion, N 27® E 
Foundation, about 20 metaia of glacial till lying on Toitiaiy strata 
SeumqgiainB, sheet No 2 1 

The instruments used wore Ehlert honaontal pendulums (tilplo), photogiaphic lcgia- 
tmtum 

(1) N 13°W component To,lObecondB, 7,814, J, 2,000 meters, ■, 10, L, 10cm. 

(2) N 47°E oomponont T* 10 seconds, 7,767, /, 1,000metera, *,10, L,10cm 
9) N 78 s W component 7* lOaaoonda, 7,814, J, 2 , 000 meters, 4 10, L, 10 em 
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OBBBILVATQRIEB AND TUB DATA OBTAINED 


87 


Duisiion, 18 hourb The three Ehleit ponduluma give voiy diftoionl effects They all 
begin at daedy the tame time bat the sooond gioup is well diown only on (2), the instru¬ 
ment which iccaids the naitheast movement, that ih, at right angles to the dnecUon of 
piopagatian, thn udieates a taaravciao wave It can be looognuod on (1), roooidmg 
the noilh-nailhwcst component, at 88 3", but not so eleaily The bcginuiug ol the 
regular waveB is not lecognuablo, not can wo bo tuic ot the time oi beginning of the 
pnnmpal port 

The lines just below the sosmogiaun uictho loooidaof a diffoicnt houi 


KRAKAU, AUSTRIA 
K K Stoinwaitc, Piof Dr M F Rudski, ducotoi 

Lat 60° 04' N, long 19° 58' E , altitude, 206 moten, diatanoo, 8608° or0,668km., 
ohoid, 8,087 km , dneohon, N 28° E 
Foundation, compact sandy day alluvium 
SniamngimM dlOOtNo 18 

The lnsliumonta used wmo Bosoh-Onuui hmisontal pendulums, two components, 
nuwluwtiiBl rogudiatian on smoked papei 

(1) Noithwod. component T tl 312 seconds, V, 10, J, 2,400 mctcre; ■, 10 (7), 
t, 28 nun (T), M t 11 kg , L, 76cm 

(2) Noitheast component To, 268sooonda, 7, 00, J, 1,000 radon, a, 124 (7),», 
21mm (T), JIT, 11 kg, L,76cm 
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Duiatmn, northwest, 2 8 houn, lunthecat, X 8 hours 

Tho beginning of Uio dwtuibanco was not legwtorod, tho vmy alight movonumta oan bo 
made out on the nmthwcsl aamponont about Ilf 27“; they are very dight and would 
not bo looognuod unless especially lookt foi Tim early motion (aooond prdunlnuy 
tioman) is aoraowhat largar in the nmlhwcat than m the northeast component, Indicating 
longitudinal waves, but tins may bo duo to fiictum m tho latter component It is not 
ontucly deal why the fust piehmmaiytromora wore not properly registered, theaoumo- 
gisms show that tho nm threat oomponont had strong, solid Motion which would be 
sufficient to prevent it bom iQgbtoring very small disturbances, but this condition is not 
so evident m the northwest oampommt 

Dr Budda only gives Urn tana to tenths of rnmutre on account of the uncertainty of 
the beginning of the different {dunes; but the dock-time la perfeot The panoda during 
the strong wm*wi are so dree to the natural periods of the pendulum that we un not 
make a good determination of the eerth’a mavoment The values of the damping ratios 
and the aohd frustum ere dstonmned from ofarervatums made long before tho date of 
the earthquake. 


Obaervatorio de Cartoja F B Navano-Neumann, B. J., dlreotor 
Int 87° 11' N; long 8° 48' W j altitude, 776 moten, diatanee, 80 08° or 0 870 km f 
dmrd, 8,606 Ion , direction, N 44° E 
Foundatian, pien ere directly an Tertiary limestone 
Boamogmms, sheet No 14. 
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Hie instruments used were 

(1) Stiattem hoiisontal pendulum, east eomponent, machemeal registaation on emoked 
paper T tl 170 seconds, 7, 25, J, 1,900 nttm, if, 206 kg , L, 175 metete 

(2) Vioenlini micioseiMnogiaph, east component, mechamcel legislation on smoked 
paper !•, 84seconds, 7,155, S, 450 metaB, JIT, 312kg , L, 268meteta 
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Duiotion, 6 5 houib The time of the regular wa\ea n taken a littlo latoi than the 
time maiked on the eeumogiBin, it is evident that what is hue taken foi the beginning 
of the piinoipal put i*> that ot the legulai warn on the iftnfam, the Pavia, and the 
Vienna Mwmograms, it a accoidingly eo coniideied m the dolmnunatian of velocity of 
propagation. 


PAVIA, HALT 

B Onervatoiio Geofiaico Di P Qamfaa, dueetor 

Lat 46° 11 # N , long 0° iff E , altitude,817mctu*, distanoo, 85 20° or 0,583 km , 
chord, 8,707 km , duection, N 82° E 

Foundation, Qu&i ternary alluuum, about 200 meters thick. 

BeiHnoginH, shoot No 7 

Hie Instrument used tan an Agunennone vortical pendulum, tao hoiirental compo¬ 
nents, mnchaniwil legistratian with ink on papa 

(1) Noithsastcomponent r* 6 eeoonds, Y, 20, S, 180motets, «, 114, r, 038 mm , 
if, 200 kg , L, 8 00 melons 

(2) Southeast component T„ 6 seconds, 1’, 20, J, 180 moteu, •, 152, », 105 mm , 
if, 200 kg , L, 800 meters 
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Duration, 2+ horns The second group begins mote xhaiply in the nor thpa^ than m 
the northwest component, ie, at right angles to the dneetaaa of piopagatkm The long 
wa\cs are also bettei marked on this component and the principal part begins milier and 
la»ta longei, the it has a slightly greater maximum on the other eomponent This » 
prohably not a question of period, as both components have the same, but the less well- 
defined record of the southeast oomponent is probably in part due to the greater friction 
its value of r is mare than twloe that of the other oompanait ’ 



OBSERVATORIES AND THD DATA OBTAINED 8D 

The peiiod of the legulai wain on the noilhcast component at 13 h 50" ■ about 
27 seconds, and amplitude 28 mm , indicating an eaith-aiupliludo of 27 mm An 
cat th-amplitudo of 2 2 mm b tho maxmium on tlui noithcaot component at 14 h 04 4", 
both of thro maxima occui at tunes ol minima on the noi Urn nil oompunent An oaith- 
omplitudo of 8 nuu h shown on tho southeast component at 14* 03", al this tuno tho 
caith-amplitudo on tho noilhcoiit component is only about 1 mm, no that tho total 
amplitude may be 8 8 mm 


VIEIRA, AUSTRIA 

K K ZentialanatelL fm Motomologio und Gcodynemik Fiof Di J M Ppmtoi, 
dnector 

lot 48°16'N , long 10°21 S'E , altitude,200 motoia, distance, 8087°oi 0,(tO2 km , 
chord, 8,710 km , dnection, N 20° E 
Foundation, loom aad 
Sciamogianis, shoot No 0 

The matiumont used was a Wiechoit mveited pendulum, two component*, mnchamcal 
li-gistiation on smoked papei 

(1) Notth and (2) oast compumsils T (|l 11 seconds, V, 250, J, 12,500 moloi-, *, 20, 
A/, 1,000 kg , I/, 40 mctuis 
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Duration, 2 7 horns. Tlio timoa of aiuval of the legular waves h difficult to rirtoi- 
liune, it is ]Mbufailo, but not ]iioliable, that thqy sliould 1m token ahnuL 6 imnutos Intel 
Tho tho second gioup aio also slightly questionable, tho time giusi is piuliahly cmiect 
Tho coilh-auiplilude was riightly hugm fm tho emit component, it wan 0.21 mm aL 
18*505" against 0 00 mm. foi Ibo noith component, it was 0 M mm at 14" 015", 14 h 
00 JT", and li h 00", and foi tho noith oomponent it was 010 mm at UP 585" and 
018 mm at 14* OP 


BALb (BRESCIA), ITALY 

Oaaorvatono Qcodinamxco Signor F Bottom, ducetar. 

Lat 45° 80' N , long 10° 80' E , distanoo, 8642° or 0,008 km , ahoid, 8,722 km , 
dlrootlon, N 81° E 

Tho instrument used was an AgmanrinnA aotamometi ogi aph, nni tlraiit and north¬ 
west components, mechanical rogntaation with ink on whito papei T V 7S aeoanda, V, 
10, J, 150 motUB, if, 220 kg 

A very faint movement u doceamhlo at 18* BBT, which laaohes a maxmium of 2 mm 
amplitude at 14 h 05" on tho lunthoaat oomponent The gtoalcat aniplitndo an the north¬ 
west component is only 0 2 mm The taanaveiae waves are thnefoiomuehabongv than 
the longitudinal Euth-amplitudea can not be deteimmad The aenmogram airived 
too late for insertion in tho atlas. 



go 


REPORT OF TBB CALIFORNIA EARTHQUAKE OOMMIfl&ION 


LAIBACH, AUSTRIA 

Erdbebenwarte Pi of Dr A Balaa, director 

lit 46° OB' N , long 14° 31' G , distanco. 87 22° or 9,697 km , chard, 8,786 km , 
directum, N 20° E 

The lDBtrumaatB used were 

Ehlort tuple pendulums, thiee component, photogsphio leghtretian 

(1) Noith component T ¥ 3 BeoondB 

(2) But component T 0 , 7 ceconde 

(3) NoitheaBt component 1 T e , 12 second* 

Domanial pendulum, two oomponente 

(4) Northeast end (5) northwest components Hub mstiumait eonsmta of a bo* con¬ 
taining 40 kg of stone prewng against acted point and buppoi ted by a long wire, regis¬ 
tration with mlc on white papa, T 0 ,20sreondb, V, 11, Af, 40 kg 

Yieentmi micioeeumagiaph, legatreturn an smoked paper 
(6) Nath, CD east, and (8) vertical components, 7, 100 
Benmogiapli (construction not known) 

(9) North and (10) east oomponente, 7,12 6 
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K K MantimaObserratonum Ptaf Dr Edu MmpIU, dmatm 
Lot 46°84'N , long ^dfl'B , altitude,67Smeten, dmtance, 87 74° or 9,764 km , 
chard, 8,828 km , direction, N 29° B 
Foundation, rook 
Tho lDstrumentB wed were 

Ehlert honsantal pendulums (triple), photogiaphio registration 

(1) North component 12 eeeamfa; 7, 88, J, 3,150 meters, U, 86 8 meters, M, 
200(Dgm, L,90cm 

(2) N 60°W component T v 14 seeandc, 7, 84, J,4tl00meters; If, 200 (!) gm , 

L, 00cm 

(3) N 60° E oomponent T v 18 seoanda, 7, 88, J, 7,100 meters, U, 80 7 meters; 

M, 200 (T) pn, L, 9 0 cm 

Vinentim rmerassumograph, three oamponents, immImwimI isgmtnbai an 

paper 

(4) North and (5) eaot compansnts T r 24lBecandc; 7,100, J, 148 meters, M, 100 
kg , L, 143 meters 



OBSERVATORIES AND THE DATA OBT VOTED 


01 


(6) Vertical component T v 0 06 second*, V, 100, J, 22 S meters, U, 45 kg , L, 150 
meters 
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Duiation, Ehleit, 3 horns, Viccntini, 2 houifl The movement on the vcitiral rompo- 
nent began at 02“ 51* with icinlncomcnt at 05“ 1ST The amamogiaina of tho Viccntini 
mstiuincnt woio too Taint to icpioduoo, but no can detcimino fioin them tho movement 
of the oaith At 14" 05 7“ tho aoilh'e amplitudo was Noilh, 11 mm , oast, 01 mm , 
vcitioal, 00, total, 14 mm At 14 h 03“ Noith, 108, cut, 00, vmtlcal, 0, total, 
14mm These amplitudes should be a little laigcr, as tho eoisinogianu fiom which they 
were do ten mined wore slightly leduocd 


BUDAPEST, HUHOABY 

Soamologlcal Observatory oT thoUnivci'flty Prof Dr R do Kovodigothy, dnootor 

lat 47° 20 S'N , long 10° 01' W , allitudo, llOmcUna, dalanre, 87 03° oi 0,777 km , 
ehoid, 8£46 km , diraolaon, N 25° E 

Foundation, alluvium on Tartuuy btiota 

Tho instiuments usod wore 

Boech-Omoil honiantal pendulum, noith component T v 23 seconds; V, 0, J, 1,100 
melon, M , 10 kg , L, 75 om 

VieantinirEonkdy veitieal pendulum 

North component T v 245 acoonds, V, 41, J, 00 motoia; M, 105kg , L, 15 mctcis 

Euteomponont T,,245seconds, 7,00, J,00moten, M, 105kg , £,15melon 

The clock canlioOizig tho tone maikn wu not working; eo that no time voemda wore 
made, but the "Bulletin hobdomadaire dm obacrvatouca awmiquoa do lallongiio at do la 
Croatia" grvee tho maximum omphludoa and the coimponduig pciloda of tho waves, 
which enahhai na to oalenlate tho oaith-amplitudoB when the Instrument! raaordod a 
maximum We have 

Boech-Omon, north eomponont amplitudo, 228 mm ; penod, 15 eoeanda, earth’e 
amphtodo, 142 mm 

Vioentiiu-Eankdy, north component amphtudob 10 mm, period, 26 aeoands, 
earth's amphtude, 2 6 mm 

Vioentnu-Eankdy, oast eomponont amplitude, 0 56 mm; penod, 90 aeoands; 
earth’s amplitude, 100 mm 


OWAZIA, BURSARY. 

fleimnlnglnsl, Meteorological, and Geodynande Observatory Dr N Huge van Eon- 
kjy, dueotar 

Lat 47°62'N ; long 18° IS' E , altitude, 111 moten, dfatMiw*, 88 08° or 0,7D2 km , 
ohord, 8^950 bn ; directum, N 25° E. 

Foundation, on a Bandy plain 
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Hie instillments used weie 

Bosch-Omou horuautal jiendulums, -two component*, mechanical legislation on 
smoked paper 

fl) North component T t , 33 seconds, V, 10, J, 1,81)0 meleis, e, 117, M, 11 kg , 
£, 75 cm 

(2) East component T v 21 cecands; 7, 10, J, 1,050 me ten, «, 117, 31, 11 kg, 
L, 70 cm 

Vicentuu-Kankoly vertied pendulum, tiro eomponents, mechanical regulation an 
smoked paper 

(3) North component T v 25 seconds, V, 41, J, 61 meters, •, 1105, U, 105 kg , 
Z, 155 meters 

(4) East component T v 3 5 seconds, 7, 41, J, 70 meteis, t, 1105, Af, 105 kg , 
L, 115 metem 
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Dmation, (1) 2 houis, (2) 18 houta, (J) 30 minutes, (4) 54 minutes There is little 
concordance in the times of the principal part, and m the ahsanoo of tho seumograms 
these values can not be used in the detenmnatoon ol the velocity 

The tunes, periods, end amplitudes an taken from tho "Bulletin hebdomadano de> 
ofaservatanei •O'umques da la Hbngne at de la Gmatre", and tho earth-amplitude* are 
calculated The Mueller amplitudes of the Vuentam instrument are piobablj muio 
lehabla then tho*o of the Bosch-Omou mstiuinent, tor the penod of the latter u so neaily 
that of the wave* that its magnifying powor > very unceitam On the other hand the 
Yicentinr Ijrled to icoord the flnt and second prohmuaiy tremoie, indicating a leek of 
Mnirtivenam, pourbly due to friction 

lbs Vicentim instrument aft Zsgieb, 80 km further from the migm than O’Oyalla, 
indreitoB muchlaigor amplitudes, but thqy also are veiy unceitam 

KOHE, HUNGARY 

Sersmolomeal Observatory Dr P Sale her. director 

Lat 45 s 20* N , long 14° 28' E , altitude, 20metem; distance, 8B17° or 0,802 km , 
chord, 8*803 km , dn action, N 20° E 

Foundation, folded Cretaceous limestones 

The Instrument used was a Vieentiiu-Konkoly pendulum, tiro components, mechanical 
registration on smoked paper V, 86, A/, 100 kg , £, 17D ± meters The movement begins 
on both components (north end east) at Iff 40* and modus a *"mmnm, north 54" 1ST, 
amplitude 08mm , east, 55" Iff, amplitude 1 5 mm The disturbance lasted 276 and 
47 minute, respectively, onthenoith and east components It is not dear what phase 
the of the movement refers to 
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FLOBEICE (ZHIEBIAEO), ITALY 
Qaeorvatono Xunoiiiano P Q Alfani, S J, diicotoi 

iAt 43° 47* N , long 11° lfl' E , dhlanco, 88 23° oi 0,808 kin , ohotri, 8,808 km , 
duration, N 31° E 
Foundation, alluvium 
Seismogiams, ahoat No 0 
Tho uistiumenh used were 

Stiattcu hmuontal pendulunib (1) Noith and (2) oast components T 0 , 10 soeonds, 
V, 30, J, 12,000 ini'lcib, If, 500 kg , L, 100 metois 
Virentuu nnciosciNmogiaph (3) Noith and oast components T 0 , 24 ucomb, 
V, 100, J, 113 melon, if, 450kg , L, 143 molois 
Omou liomomctiogiaph (4) Noithoasl and (0) noilhwml components T v 30 mc- 
onda, V, 25, J, 8,100 moteia, if, 260 kg , L, 50 am 
All have mechanical legiatialion on amokoil papei 
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Thoio no no tune mailu on tho lormd of tho Oiiunl inHtrunwnlx, (4) aiul (5) Ansum- 
mg tho Umo of beginning lo be the mine os thal given by theothoi msliumenlb, Uic limes 
ol the lator phases aie obtained fioin tho rale of lotalion of tho loooidlng diuni. 


ZAOBEB (ASSAM), HUNBASY 
Seumological Olaoivaloiy Prol Di Mbhoioviesiea. 

Lat 45° 48* N, long 15° 00* K , dislaneo, 8&88° or 0,820 kin , choid, 8^77 km , 
duration, N 27° E 

Tho uetiumont used was a Vicontim-Kbnkoly vortical pendulum, two honiontsl com¬ 
ponents, meohamcal logistialion on bmoknd papa (1) Noith and (2) oast compo¬ 
nents Tho constant* aro assumed to bo about tho aamo aa thoao for (yGyalla, namely: 
T v 2 6 aoeonda, V, 40, J, 02 mctaa, if, 105 kg ; L, 155 moltn 
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The earthramphtudea ore quite uncertain on account of the uncartamtiea of the 
constants of the instrument. 

The tana, periods, and amphtudes are taken from the "Bulletin hebdomadaire das 
observatoireB wamiqiiea de la Hbqgne et do la Croatia " 
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HEFOBT OF THE CALIFORNIA EARTHQUAKE OOAIMI8SION 


TOLA, ADBTBIA. 

K K Hydiographisohea-Amt Prof Di August Qratd, director 
I*t 44° SSf N , long 13° SI 1 E , dHtante, 8834° or 9,821 km , choid, 8,877 km , 
dneotion, N 29° E 

The instiument used was a Vioantim mioioscnmogi aph, thiea components, mechanical 
legntiabon on smoked paper The tcnmogiain wm too faint for lopioduction 

(I) North and (2) east oomponeota T v 2 21 aecomhi, 7, 110; J, 188 me ten, «, 103, 
r, 01 mm , M , 100 kg , L, 125 em 

(J) Vertical component T 9 , 0 92 semnd, 7,136, J, 29 meten, Af, 60 kg 
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Nothing ib vniblo m the \mtical component The gi safest eaith-amplitude on the 
noith component a as 1 mm at 14* 04 U" 


QUABTO-CA8TKLL0 (FLOJLHNCE), HALT. 

Oneervatoiio Geodinamioo di Quaito-CaateDo Di RaiTaelo Sbatten, dueotar 
let 43°4fl' N , long 11 s Iff E , altitude, 90 meten, Artmw, 8840° or 9,828 km , 
chord, 8^882 km , direction, N 81° E 
Foundation, duectly on Upper Eocene hmebtana 
Seismograms, sheet No 6 

The instruments used were Btiattea hanaontal pendulums, two components, meehan- 
ual legutration on amokcd paper 

Cl) North oomponeut T v 214 aeeandt, 7, 60, J, 8,780 metmc, if, 500 kg , L, 
ISO meten 

(2) Boat component. T v VTA acoonda, 7, 50, J, 5,700 meten; Af, 500 Lg , L, 180 
metaa 
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Hie peixoda are shown on the seismogram It is not elear why eo laige a movement of 
the earth is indicated on the north component The foundation is Inn as tune , end other 
■faitMw, not far distant, record much smaller dnplicementa, and the ant oomponent 
m«M w an earthamplitude <m)y about 01 an mueih Tina large Tnphfawia ou not bo 
accepted aa true. 
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n-KA-WD, CHINA 

Motooiological, Magnetic, and Sciamological Observatory Rev Louie Froo, 8 J, 
dinoior 

Idi 31° 12? N , long 121° 2b' E , altitude, 7 melons, distance, 88 40° or 0,838 km , 
ohoid, BJB8D km , ducoliou, N 50° W 
Foundation, alluvium 
Seumograms, sheet No 16 

The lnaUumant used waa an Omou hoiuonlol pendulum, oast oomponnnt, merhameal 
registration on amokod papoi T„ 88 2 acoonris, V, 16, J, 4,100 moLois, «, 107, r, 16 
mm , Af, 16 kg , L, 78 6 oin 
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Tho beginning of tbo niovomont is not shown on 1»ho aonnogiam, and tho bcgiumng 
ot tho long wavim la not very eloai At 58" tho period of tho waves u 20 4 aoconda and 
the loooidod amplitude 20 mm , the actual magnifying power n 40 6, making tho oaith- 
amphtudo 0 6 nini At 00" the pound w 20 0 seconds, tho looauled amplitude 27 mm, 
and the magnifying power 00, and Ihoiofoio tho oaith'a amplitudo is only 0 45 mm 

PILAU, ABMETHA. 

Obsorvatoilo Magnotioo W O Davis, dueotm 

Int 31° 40' S , long 68° 60 ff W , altitude, 840 nuiton, diataneo, 88 76° oi 0,800 
km , chord, 8,000 km , duocLion, 8 47° E 

Foundation, compact alluvium. 

Seismograms, shoot No 1 

The instrument uaod waa a Milne honaontal pendulum, oaal oomponont T v 16 
aaoonda, V, 01, J, 840motets, §, 1.070; Af, 266gin , L, 150 cm 

Fust prehminmiy tiomoia, 26 6"; interval, 181 minuloa Maximum, 809*; Interval, 
24 8 minutes Amplitudo, 0 2 mm 

Duration, 18 home It la impaaublo to detoiimim tho beginning of tho mohou bom 
the lqproduotaon of the Bowmogiam, it la only poaaiblo to aee a small swelling at tho 
time of the mammnm, which appaiontly ocoun dunng tho aooond pralmnnaiy tnmom 
It is not deai why tho moord should have been ao small 

UnHUO, BALT 

Omni i aim in MetroniM i - fl 1 *" 11 "** Pi of T ADim. dmotor 

let 48°49 N , long 18° 38' E ; distance, 8882° or 0,875 km , ohord, 8,010 km.; 
direction, N 80° E 

The matrument used waa an Agarnmnonn vertloal pendulum (modified), two honaontal 
components, mechanical registration with ink an white paper T v 5 aeoanda; V, 24, 
J, 160 metern, Af, 112 kg , L, 02metem 

(1) North oomponent 18* 64" 69 to 14* 18" (XT 

(2) East eampoDKit' 12f 66" 40T to 14* 11" W 

Observations much too late, they probably reproaemt onjy the pnnelpal pert. The 
earlier pheeae wen not recorded. 
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REPORT OF THE OALLTORNU EARTHQUAKE GOUH1BSION 


BOCCA HI PAPA, ITALY 

R Ossenatoiio Geoduumico Piof G Agamennone, dueotoi 

1st 41° 4ff N , long 13° 12? E , altitude, 700 meters, distance, 9046° oi 10,001 
km , ohaid, 0,040 km , (Inaction, N 32 s E 

Foundation, volcanic took 

SmsmagraiDb, sheet No 14 

The instruments used nue 

Muuaseismogiaph Apmennone, two components, mechanical lepstiahon with ink 
on white papa 

(1) Notthwmtcomponent 2 , v ,4 2*eoondb, T’,60, 264 meters, *,10, i, 038 mm , 

M, 500 kg , L, 4 30 meteis 

(2) Northeastcomponent T v 4 2eeoonds, V, 00, J, 204 meteis, *, 1 0, r, 0 20 mm , 
U, 500 kg , L, 489 meters 

New mieioseHmamehogiaph Agamennone (80 kg), two components, meohanieal 
legistiobon on smoked paper 

(9) North and (4) east oompononts T 0 , 26 seconds, V, 100, J, 108 me ten, *, 10, 
r, 01 mm , Af, 80 kg, L, 108 meters 

Canoam homontnl pendulums, two components, mechanical icgntastion with mk 
on whitepaper 

( 6 ) Noilh component T v , 27 2 seconds, V, 1 , J, 185 meteis, §, 103, i, 00 min , 
Af, 00 kg , L, 100 raetei (I) 

(0) Ent coinpanont T v 200 seconds, 7, 1 , J, 170 meteis, 4 100, 1 , 00 111 m , 
Af, 00 kg , I/, 176 meteis, L, 100 meter(*) 
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Duration, 2 horns The beginning of the motion on sll the instruments was masked 
by vibrations duo to high winds 

The seismogtams aie reproduced from tiacugs, wlneh, m the case of the 80 kg Agar 
men none beisraogiaph, do not brug out the regularity and fineness of the original rooord 
on smoked piper One sees, however, the shut vibiations of the pendulum buperposed 
on the larger earth vibrations The greatest aaithHunplihide wss at 14' 073“, the 500 
kg beunograph indicates an amplitude of 11 mm in the northwest dueotion, and the 
two components of the 80 kg instrument indicate North, 0 82 mm , east, 114 mm ; a 
total amplitude of about 14 mm m the northwa»t or northeast directum These instru¬ 
ments therefore paitially confirm each other and that the maximum mntiwn was 

in the line of propagation 

Tho Cancam horizontal pendulums have no damping; and smee their natural penods 
oonespond closely to than of the dintm hsnrc, no nmudnmnn gm be drawn ftwm thur 
lecord regarding the earth’s amplitude 
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BELGRADE, 8ERVIA 

Royal Astionnmiaal and MeLeoiological Obseivatoiy Pi of Dr II Neddkovitch, 

diiuolor 

Lot 44° 4? N , long 20° OB' E , dibtonco, 00 07° oi 10,080 km , ohoid, 9,061 km , 
duoclion, N 26° E 

Foundation, oigillnrooun alluvium, 180 motois thick, on Cialaacous limestones 

The inatiumont usod was a Viconlini-Konkoly lniaioaoumogiaph, two oomponentb, 
mechanical leguliation on smoked papa 

(1) Noith component T v 2 1 second’s, V, 83, J, 17 inoteiB, M, 106 kg , £, 148 
moteiu 

(2) Baal componoiit T u , 24 seumdb, V, 48, J, 63 mctoid M, 105 kg , £, 143 
mclois 

Avcingc Second ptolumnaiy lieinois, 36" 61*, uiUnval, 24“ 26 1 Uaximum, 02" 61* 
Amplitude, 10 mm 

Duialian, 10 liouia. 


CABLOFORTE, SARDINIA, ITALY 

Slamone Asliunoinira Intel muuoii.ilc Ih L Volla, dnooloi 
Lit 30°OS'N , long 80°10' E , ulliludc, 18 inclcis, dihlanuu, 00 71° oi 10,085 km , 
ohoid, 0,0U7 km , duoclion, N 30° E 
Foundation, tiarhiln rook. 

Tlio mstiumont used was a Yicuiituu uncioseisiiiagiaph, two honrontnl compononta, 
ihwIimimmI iQgntralum on tnnokod popis 

Noilhwvsl and umlheasl romimnenls T v 2 2 Rocondn, 7, GO, J, 00 ineteiB, ■, 10. 
t,01 (noitiiwPsL Loiuponout), 006 (nnilheapil pumpououl), M, 100 kg., £, ] 20 inolcn, 
The oiiginul stssmogram (too faint foi lqnodnelian) (ton not givo doaily Uio limn of 
tlio phases, but It shows, at 14 s 07", wnvm of poilod 17 snoods and ampliLudo 0 5 mm., 
as the magnifying power foi tiioao waws is 0 86, tlio oarth’a amplitude at that tune was 
0 0 mm, and smoo tins amphludo was cainnioii to lwlh conqionents, fho total possible 
amplitude of the eaiUi'a lnavamonl was 0 86 mm At 14" 02“ tlio noitiioabl component 
allows wavos of iicuod 20 4 aooonds and amplitude 0 2 nun, uidioating an amplitude of 
tlio eaith in that dmwliou of 0 31 mm On tho northwest coinpoiuml tho amplitude ib 
0 2 mm, and period 27 aerondn, tiieieforo tho oaith’a amphludo ia 00 mm , the move¬ 
ment at tlua tune has a ationgoi oomixmonl m tho northwest duoclion, that la, In the 
dn action of propagation 


SARAJEVO; BOSKIA. 

Metooiologwchoa Bui can Hon Th Balhf, dueetm, Heir PasalnJ, acetton ohlef 
Int 43° 82? N , long 18° 20' B , altitude, 088 motera, dfatance, 0080° or 10,104 
km , ohoid, B,078 km , dneebon, N. 27° E 
Foundation, day, on northeni dope of a hill 
Soismogiamb, sheet No 15 

The lnabument used was a Vuentmi muno^eumograph, two hanaontal components, 
mwthMwil registration an — papei 

(1) North component■ T^,22 secondB, 7,166, J, 188 metom; 81,100 kg, £,120 
meters 

(2) Beat component T v 22 aaeonda; 7,188, J, 186 matin; 3f, 100 kg.; £, 180 
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KEPOHT OF THE CAUFOBNIA EARTHQUAKE COUMJBSION 


(I) Noith component 
(3) bat component 
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Duration, 1 houi Tha fhat piehnwuiy tiBmon bib not reooided, but a bell oonneoted 
with a BeiamoBcope long at ltf* 28“. The east component began to leooid eailiai than 
the north, and thruout gave much loign amplitudes The maximum movoment of the 
giound was at 14 b OB 7" and amounted to about 0 04 mm , at 14 b 10 5“ it wn 0 46 mm , 
its dnaation was naailj east-west 


ISCHIA, ITALY, 

R OaseivatoiioGoodinamico diCa-samiooioIa Two installations, one at Porto d'lsehia 
and one at Qiuuia Senbnella, about 3 km apart Pi of Q Oiablowiti, dnectoi 

PORTO D'nCHIA 

1st 40°44'N , long altitude^ 81 mateia, distance, 9184° or 10,211 km , 

ahold, 0,168 km , direction, N 81° E 

Foundation, tiachite 

Bciamogiama, bheet No 7. 

Tha inatrumenta used wera 

Oiablowiti honsontal pendulums, two oomponants 

(1) North component T g , 17 seaonda, V, 8, /, 070 mateia, a, 124, r, 08 mm , 
if,12kg;£,8em 

(2) East oompaneut. T v 17 seconds, V, 8; /, 070 meteis, «, 107, r, 02 mm , 
if, 12 kg , L, 8 am 

Vasea Sismica, two horisoutal eomponaits This la a onoulai tank containing water, 
two floats aio planed neai the sides at ends at a north-south and of an east-west diameter 
lospeotively, and the movement of tho water Is magnified and recorded an a dium The 
tank ■ 166 motets m diameter and the water n one meter deep The movement of the 
north-aouth diameter n magnified 74 4 times, that af the east-west diameter 98 0 times 


Lot 40° 46' N , long 18° 64' E , altitude, 122 meten, dfatanoe, 9188° or 10^210 
km , chord, 9,161 km , direction, N 81° E 
Foundation, voleamo tuff, 

Seumogiams, sheet No 7. 

Tha instruments used ware 

(0) GmUowiti honxoutal pendulum, east companant. T v 12 seoanda, V, 8, J, 290 
metma, «, 118, r, 06 mm ; if, 12 kg ; L, 10 cm. 

(6) and (7) Vasea Bismica, two oomponants; it has the same dimensions as the tank 
at Ftorto d'Lsddo V, 90 7 for the north component and 97 8 for the east component 
All the instruments at both stations record on smoked paper 
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The vitnations of the waloi make it impassible to dotamniae the phases fiom the Vbbob 
S hniiaa cilhci at Poilo d'behia or at Qiando Scntimdla, at the foimer dutmct waves 
oi peiiod about 18 seconds nnd amplitude 0 0 mm occur flora 14. h W 0" to 14 b 18 0“ At 
Qiando Sentinolla, the waves aio discernible at If SO 0“, a maximum with amplitude 
of ncaily 1 mm u i cached at 14 b 07 If, the pcnods an fiom IB to 21 eooondc. 

During the strong motion the poiioda of the vibiatuma loemdod fay tho GmUowita 
pandulunn oio tho wno os thorn of Llic inudiiluim Ihcuibidvm; namdy, 17 eocands at 
Foito d'lachiaand 12 seconds at Qiando BauLindla It wo ottompt to And tho oaith.- 
ompliludcs fay using tho values of tho damping and hiction, wo bid 088 mm or leu, but 
it ■ evident that the logulai movemont did not oontumo i«y[ ouough to allow the pen¬ 
dulums to take their full amplitudes 

CAOGIAK) (8ALERHO), ITALY. 

Oseavaloiio Mutoorologico-Gcodinamioo tiignor F Allaid, dirreloi. 

J-At 40 D 54'N , long lC°aO' 15 , altitude,831 motoia, diataneo, 0208°m 10,207km ; 
choid, 9,218 km , duootion, N 80 s SI 

The lnatiumonL mod was an Agamoniiono sommoinoUogiaph, noithwout and Bouthr 
wobt components, moohameal lcgislialion with ink on white paper T t , 0 aoeonda; 
V, 125, J, 112 motors, if, 200 kg , h, 800am 



■ ■ ■ i ■■ h w m 

Narthvaat oompoBont 30 10 0040 01 ID 00 38 000 

Interval It 10 44 10 


At If 60 f tho long waves an tho northwut oampanont had an amplitude of 0A mm 
and a peiiod of 82 Booonda, oonesponding to an oaiLh-amplltude of 1 mm At 14 b 07 8“ 
the narthwart eartb-amphUido was 0 88 mm. The northeast oamponont was not per¬ 
fectly free and was leu sensitive than the northweBt, so that the timu can not be nude 
out rehably, but notwithstanding this it indieatad an earth-amplitude of 2 2 mm at 

14 b 042T, dwintii^ t-hn wtrongnnt mnhm mt Tight ugh* fai JnaHt-Lm nt pwnp«g«iLi»i 

The aoiamqgnm ainved too late for reproduction. 

TAJHOKU, ranooao, JAPAN. 

Ifeteorologloal Ofaservataiy H. TTwmiii^ iim m i .n r 

Let. 2B°M'K, long 121° 81' E , altdude, 10 meters; datance, 02.75° oi 10,811 
km , chord, 0,222 km ; directum, N 55° W. 

Foundation, clay 
Seumagram^ sheet No 15. 

The MtaTimemt Mad wi an Omari hnnamtal pw»iii 1 ii«n | -it i wmpnwatit. . lwrimrlMl 

ngatntmn an smoked peper T v 17 aeaamh, V, 10; J, 720 meters; «, 1.27, r, 0.12 




100 HBPOBT or THB CAUPOBNIA EAKTHQUAKB COHUIbblON 

mm p JIT, 0 kg , L, 78 ± cm The times on the arisaicgiam me a, 13 h 88■ 5T, b, 1d h 
SO" 2ff, e,l iesCTTr, d, UfOfriBT 
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Thetimoot the iuynning is e\ identlv too late U n piobaUo that the eai th-amplitudc 
was gieatm <*«« calculated, as the laige vibiatum lasted foi a\my shoit time 

sons, Buieim 

Cential HeleoioIogiCBl Institute Di Spaa Wateof, duccloi 

Lat 42° 43? N , long 28° 20* E , altitude, 580 metcn>, diatonoe, 08 68° oi 10,401 
km , ohoid, 0,288 km ; du action, N 24° E 

Foundation, aanda and sandy shales 

SeiamagianH, sheet No 18 

The msUumenfe used weie Boech-Omou homontal pendulums, tiro honiontal com¬ 
ponents, mwnhimnial icgpshalion on smoked papa 

(1) North component T v 20 8 seconds, V, 101, J, 108 metcis, ■, 10, r, 2 7 mm , 
M , 10 kg , L, 74 am 

(2) Eastcampomml T v 810 seconds, 1', 101, /, 2,400 meters, s, 10, r, 4 0 nun , 
JZ, 10 kg ; L, 74 cm 
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During the long wnvn at 14 b 015™, the notth eatth-amplitudc was 0 48 mm Dating 
tha maximum moveuient ol the pendulums the peiiods of vibtation ooiimpond veiy 
neatly to the piopci puiods of the pendulums, we can not theiofoio dclnnnno the 
earth's movement It is vciy difficult te detcimine tha tunes of the fiist and second 
pckminaiy tiomois aeouiately, mu is it clem whets ws should place the lw gnmng of 
the regular waves 

MESSINA, 8UULT, ITALY 

Institute di Fisioa ten lectio e Mataoiologia della R Umvaisith Prof B Q Risio, 
dn actor 

Lat 88°12'N , long 18° 83* E , altitude,40 meters, distance, 0167°or 10,621 km , 
chord, 9,808 km , dueebon, N 82° E 

Seismograms, sheet No 12 

The instrument uned was a VieantimmiciosBJBmqgiaph, three components, whwIimiimI 
registration on smoked paper 

(1) Northeast component T v 24 aeconda, V, 100, J, 143 meters; M, 108 kg , 
L, 148 meters 

80 Northwest component: T,, 24 seconds, V, 100, J, 148 metoa, •, 104; 17,108 
kg, L, 148 metam 
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(8) Vcitical oomponant TplBeoconde, 7,120, J, 97metoib, a, 111, A/, 60 kg 
The recoida weie greatly diiturbod by tlio wind w that tho times of aiuval ot the fm>t 
two phaeoe waieentudy lout, the long wave* appeal at 18 b 66 5“ an the northwcel com¬ 
ponent The gicatebt movcniont ol tlio caith occuiicd during the piinoipal pail, at M. 
(14 b 07 8“), when we find 
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Ab a paevblo maximum of tho coith-ompiitude we have 17 mm Duiuig the long 
wavea, at 14 b 017", tho panod wm 80 second^ and the eoith-amplitudo 0 98 mm The 
lettmb on the soamogsom roirospond to timn bb foUowe. 14*048“, ML, ll b 078^, 
J^l^lOl-, M p l 4 fc 12 r 


CATANIA, 8ESLT, HALT 

R Oeeeivataio di Catania ed Etnoo Fiof A RiocO, dneotor 
Lot 87° 80' N , long 16° OS' E , altitude, 42 motoib, distonco, 96 01° oi 10,667 km , 
dhoid, 9,390 km , diioctura, N 82° E 
Foundation, lava 
Seismograms, alioct No 18 

The lnetnimont uaed waa a long vmtloal pendulum, two hoilaonld oomponenta; 
meohanleal registration with ink an white paper 

(1) Northeaat oomponont. T ¥ 10 soaonda, 7, 125, J, 810 motme, «, 101, r, 04 
mm , M, 800 kg , L, M 9 mo Lon. 

(2) Northwest oamponont T v 10 aooanda, 7, 12 6, J, 810 meteia; «, 1028, r, 0 5 
mm , M, 800 kg ; L, 24 9 maters 
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At the times of the maximum on — oomponont movement la comparatively 
small on the other component, so that the total mirth amplitude would not be mam o»mi 
about 0 8 mm The northwest component ahowB of file tun; this may be the reason 

why it does not bnng out the long waves, and why the p»<"4piJ port u of somewhat 
shorter duration than an the northeaat oamponent 


Obaavatano do Bio do Janeiro Dr H. Manse, director 
I«t 22° 64' 8 ; long 43° Iff W , altitude, 44 matan; distance, 9628° or 18,708 
km , chord, 9,488 km ; (Unction, 8 68° E 
Foundation, deeanpooed gnaim. 

Tha lnatrumanta used were Baaoh-Oinoii heriaontal p— two horisontil oouk~ 
ponenta; meohinlnil registration on amoked paper, if, 18 kg, 7,16. 
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REPOST or THE CALIFORNIA EARTHQUAKE OOmOBSION 


The aolid fnctum woe so stnxng that it tendered the pendulums almost apeiiodic and 
TnanVoH t2ie dated* of Hie motion; for thu leaaan the bramogram n not icproduced 
The Ant movement dkcemiblB on the sort oomponent ib it 18 b 39 7* , and an tho noith 
component at If 84" The total duiation ■ nearly an houi 


Draartment of Education G Bonbon, director 

Let 41° XT S . long 174° 47' E , altitude, 15 meten, distance, 07 02° <u 10,853 
km , choid, 9,588 km , du action, 8 42° W 
Foundation, duectly on the "Wellington Slates" neai the edge of a dhft, 15 metem 
hlg^h, near Wellington Hnibor 
Seamogiaina, sheet No 2 

The mbtiument used was a Milne hoiuontal pendulum, east oomponent, phologiaphio 
ragntaabon 180seconds, V,01, /, 525meters, a014, Jl/,255 gm , L, 150 cm 
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CAXAKATB, GREECE 

National Astronomical Ofaaervatoiy Pi of Dr D Eginltfa, dueotor 

Lot 37°02'N, long 22° If E , altitude, 82 meteis, distance, 08 28° oi 10,027 kin , 
choid, 0,036 km ; direction, N 28° E 

Beumogrema, sheet No 15 

The mstiument used was an Agsmennone vmtical pendulum, two honiontal com¬ 
ponents, meohamoal regwtiationwith ink on white paper 7 1 ., 6 95 ± aooonda, V, 12, 
J, 144meten, M, 200kg , L. 144m 

The disturbance began at 14° Of 06* and lasted 18 rnmutea Evidently tho pidhmi- 
nazy tnmais were not recorded, but only the punapal part, whose mtcival n 4CT 88T 

IDIffli CAUCASIA, RUSSIA 

Physical Obsaivataiy Here 8 van Hhaak, dueotor 

Iat 41° 48' N , long 44*48' E , dwtanoe, 99 43° oi 11,054 km , chard, 9,719 km , 
direction,N 9*E 

The instruments used wen 

Ehlert triple hausantsl pendulum, photographic legist ration 

Milne honiontal pendulum, photographic legutmtun, east wnwiptmant 

Boaoh-Omarr hoiuantsl pendulums, two components; mechanical registration an 
amahad paper 

Two heavy ZoOner honiontal pendulome 1 

Fnat prehrmnazy tremors, 26™ Of, interval, If 41* Second preliminary tramora, 
87" BBT, interval, 25" 81* 


Astronomical and Physical Observatory M Oaarpoff, director 
Int 41° 3ff N , long 09° If E , altitude, 478 meten, dntance, 99 88° or 11,102 
km , choid, h700 km , direction, N 9° W. 

Foundation, stiff loesa. 
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The instruments used wne 

Ropsold-Zollnei hoiuontBl pendulums, two components, pbotogiaphio icgblration 
Seismograms, shoal no 2 

(1) Noith component 7^ 9 2 seconds, 7,69, S, 1,210 mclcis, if, 59 lgm .L.lSom 

(2) East component T., 7 91 seconds, 7,00, /,oi0mot«b, if, 691gm , L, 127am 
Basoh-Omou hoiisoitlal pendulums, two oomponontb, mechanical laguliation on 

■mnlcnH paper ScinnogiaiTia, shoot No 18 
0) Noith and (4) east components T v 12 sooomds, 7, 10 (T), /, 300 (T) metois, 
If, 11 kg , L, 75 cm 
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The times in paionthescs sie not used, as they mo evidently euonooua, the oauao u 
unknown, tho times of (1), for inatanoo, am all much Loo laic, but I can not diaoovei 
the cause (4) alao mdiacdes an oailh-amphUido of 20 mm, which ia impossible 

CHRISTCHURCH, NSW SBALOHD 1 

Magnetui Obanvalmy Homy P Skay, B Sc, duoctoi 

Int 48° SPS , long 172°37* 13 , dmlanco, 10040°or 11,162 km , ehoid,0,788km , 
dueotum, S 42° W 

The instrument used waa a Milne honsontal pondulum, cast component; photographio 
rsgifltratlon V, 01, if, 265 gm , L, 16 6 cm 

East component Second pudimuaiy liomors, 880"; Interval, 211 minutm 
Regular waves, 010", interval, 48 5 minulaa Maximum, 30 0" Amplilude, 6 8 mm. 

Duration, 8 8 hours. 


Mamla Cential Obanvatoiy Rev Joed Algui, S J., ducolor. 
let 14° 36'N , long 120° 59' E , altitude, 10 motors, distance, 10046° or 11,169 
km , olund, 9,793 km , duootion, S 118° W. 

Foundation, sand 14 meters thick over volcamo tuQ. 

Seismograms, sheet No. 4 

The instrument used was a Vieentmi murasomnogiaph, two horuontsl and verUoal 
oomponants, registration on smoked paper EsatHnorlheaet eampanent 

T„ 24 seconds, 7, 100; J, 1,480 meters; if, 100 kg, L, 148 metem 
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10ft REPORT OF TEE OAUFOBEU EARTHQUAKE COUUIBSION 

Duiatwn, 8 houra The tuna of the beginning is evidently too eaily, the 
of the motion makes it quits impassible to deteimme the pi cane time Tho north- 
narthweBt oompanent (not lapioduoedl gives a lecocd very similai to the othei, but with 
a Bomewhst smaller amplitude The maximum uutiumeiital empbtude n at lft b 08 0", 
wheniJieearth-amphtudewoe (BNE) 044mm, ^NNW) 04mm, or a possible total 
of 00 mm Data am not at band to deteimme the vertical eaith movement, tho the 
instrumental amplitude was 026 mm A laigei earth-amplitude occulted dui mg tho 
long waves, we find, at 14" 010 s , eai th-amphtu<JeB (ENE)075mm, (NNW)045mm, 
os a possible total of 0 87 mm If Uhtead ot a ahart-poiiod pendulum theio had been 
one with a period in the neighboihood of 26 seconds, tho recoid would have been veiy 
huge at this tune, and if the petiodhad barn about 20 seconds, the leeoid would have 
been veiy luge at 14 b 080", as it ie, with a psnod of 24 seconds, tho record n quite 
small The bhong contrast botwaen the Bemnograraa of Manila and that of Potsdam, on 
tho aame plate, m principally due to the penods of the pendulums at the respective 
plaoes At Potsdam the period was 18 beoonds 


TADOTSD, JAPAI. 

Meteoi tilowwJ Observatory N limU. dueotor 

Imt 84° 17 # N , long 188° ftflf B , altitude, 0 metets, distance, 10180° oi 11,282 
km , chard, 0,862 km ; diieotion, N 56° W 

The Instrument used was an Omon houaontal pendulum, numliinMl legiBtiatum 
on smoked paper Af, 10 kg , F, 20, L, 75 cm 1 
Fuat preliminary beman, 25P 07*, lnteivsl, 12 mhuteB 80 seconds 


Cairo, EGYPT. 

Helwan Observatory H H Warte, dirsetcr 

let 20° 62' N , long 81° 20 S' E , albtodo, 116 moten, distance, 10702° or 11,008 
km , ohard, 10,802 km , direction, N. 23° E 
Foundation, directly an Eocene hmestanes, in the desert about 5 km bom the Nile 
Saumograms, shoot No 1 

Tha hwtmnMwrt TMwri —« i Milna linnuntp] pwfiHiiliim | — t wnm pnnwit | photograph 10 
mgmtratum T„ 15 aeeonds, 7, 01, J, 840 meters, ■, 1064, angulei diaplaeonent, 
1 mm -05\ Af, 266gm , L, 160om 



Duration, 8 5 bourn Only a drawing of tho seunogmm was available, thb tho 
indefinite dhmeoter of the seismogram make it impossible to obtam aeouiate deter¬ 
minations of the venous phases The of tl» first preliminary tremors an 

evidently too late^ but the lame of the aeoand preliminary tremors seems about right. 

cb tts Giret Indian fcj "PCb 
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CALCUTTA, INDIA 

AliporoMotooiologirolObseivatory O W Kuchin, assistant niHcoiologicalicpoi lot 
Int 22°82' N, long 68° 2ff E , altitude, b 6 nii'lcit, distance, 112 72° oi 13,661 
km , choid, 10,607 km , ducetion, N 31° W 
Foundation, maitJiy alluvium, 100 km fiom Llio -son, and far horn mountains 
Seismograms, shoot No 1 

The instillment used a as a Milne hoiuontal pondidmn, caul coinpanonl, photogiaphio 
registration T t , 18 aeoondb, V, 01, /, 400 moteia, ■, 110, angulai displacement, 
1 mm — 0 88*, if, 266 gin , L, 16 0 cm 


riMf Pai-SnoHD Fun- III od- 
IIIIIW VjDUIAIl IU HU 

Iuiuuih Imm Vuh 


But aonponant 80 2? 804 0B8? 17 8 17 

Intmval 187? 20 0 881? 

Duration, 41 horn It is difficult to detoimino the exact timo of beginning, as theio 
was a alight distuibanco of tho beam The timo of the Rccond pudimmaiy tronion is less 
doubtful 

BOXBAT, INDIA 

Government ObscrvaUny N A F Mooa, dneetoi 

Lat 18° 64' N , long 72° 40' E , altitude, 11 moteia, diatanoo, 12110° or 18^472 
km ; chord, 11,090 km , ducrtion, N 17° W. 

Foundation, basaltao trap 

The instaiimenta used were 

(1) Milne hoiuontal pendulum, oast eomponent, photogiaphio logistiallon Beu- 
mogrema, shoot No 2 T v 18 seconds, V, 61, J, 400 motns, angulai displacement, 
1 mm — 047*, if, 266gm , L, 166cm 

Colaba horizontal panduluma, two eomponenla, moohamoal icgjabatian with ink on 
paper Smamogianis, shcot No 16 

(2) North component. T v 24 seconds, V, 8, /, 480 motere, angular dbplaoement, 
1 mm — 0 27*, Af, 26 kg, L, 82± cm 

(8) East eomponent 1 T v 87 seoonds; 7,5, J, 1,700 mpteis, angular displaeoment, 
1 mm — 014*, if, 26 kg j L, 62± em 

Each one of the Colaba pendulums eanabts of a maaa of about 26 kg, supported on a 
homontal beam about 00 am long The solid filction ib large, aufhoient to atop the 
vrimabon of the pendulum m a single vibration If its amplitude la nob more than a law 
mdbmeten 



Duration, 84 bourn (1) givea a better value of the time of amval at the aeeond 
prelmunaiy traman than the average an aoooanfe af the strong ftutfanaf (9 end (8); 
and therefore da value is used in preference to the average of the three instruments. The 
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time of snivel of the regular waves is doubtful , at the fame given there is a change in 
the genual chaiaotei ol the lecord, the irregiiliu phase hocomiqg mora legular and the 
amplitude laigei The friction alien the magnifying power very mateitally, in the 
absence of piecne knowledge of its value we can not estimate the earth’s amplitude 

BATAVIA, JAVA 

Rqjal Magnetic and Meteorological Observatory Dr W van Bemmelen, noting 
du ectcn 

Let 0° 11'8 , long 106° SO' E , altitude, 3 meteis, distance, 13190°oi 13,807 km , 
chard, 11,300 km , direction, 8 112° W 
Foundation, alluvium 
Bet am ograing, ^beet No 16 

The instrument used was a Rebsui-EUcrt honsontal pendulum, nmlh component, 
photagiaphie legislation T v 04 seconds, V, 055, J, 1/440 meters, e, 115, M , 200 
gm (7), L, 122cm 



Northoompanant H N fl U H S IDS 16 S 018 

Intarml SO SO 90 -18 01 M 

The mstauinent was nob stall when the aiuved, from an —muiatwn of 

the photographic cony of the Be&mogiam it seems probable Hut the fust preliminary 
tinman began at 2F 34", giving an mbarval of 17 minutes 00 seconds Duiing the 
legulai waves an amplitude of 45 mm was reached at 14 b 17 5“, when the earth’s 
amplitude amounted to 0 38 mm This was thB maximum earth movement Dm m g 
the prmoLpal put at 14 h 30 6™, the earth-amplitude was 0 24 mm 

EflDAXKAVA&k MADRAS, HDEA 

Solu Physics Obwivatoiy C Minim Smith, dueetar 

Ut 10° 14' N , long 77° 28' E , altitude, 2,818 meter*., distune, 127 00° or 14,220 
km , chard, 11/440 km , dli action, N 20° W. 

Foundation, dnectfy on solid rock 

Seismograms, sheet No 2 

The insbumont used wee a Milne honsontal pendulum, east component, photographic 
rqgBtiatMn T v 15 seconds, 7 , 01, J, 340 meters, e, 1115, r, 0 0 mm , M, 255gm , 
Ir, 15 0 cm 

Fust prelumnaiy trunom, 81 b" (0, interval, 101 minutes (T) M«nmnm 288 
Amphtude, 2 5 mm 

The position of this Btatian has been misplaced on the map It should be about 2 nun 
from the southern point of Luba and equuhatant from the eea, east and west 

berth; wbeeebh auhxhaxxa 

Astronomical Obs ervatory W Ernest Cooke, M A, F R A 8, govemmant aetreno- 
mar 

Iut 81° ST’S, long 115° Bff E ; altitude, 505 meten, distame, 182 87° or 14,710 
km , chord, 11,650 km ; directum, 8 78° W 

Foundation, sand on limeatoneB 

Seismograms, sheet No 2 
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Hie instillment wed wai a Milne hotiAontal pendulum, oast compnnont, photogiaphio 
iagination T„ 15 seconds, 7,01, S.SlOiiii-leis, e, 1083, M, 255 gm , L,150cm 
Secondpiolumnaiy ticmoii (?),370", mlcivnl, 351 minutes Regular wavee, 183“, 
intei val, 06 8 mmulee Maximum amplitude, 2 0 mm 
A glance at the eeumogiem mil show the difficulty of gettuig tatiefaoloiy deleimina- 
tioin of the tunes of annul of tho fiist two phonce The beginning at 13 h 87 0" certainly 
don not ooue&pond with the beginning of tho fuel piehininoiy liomoia as this phaso 
would be, fai model ate and laigc distances, much wcakoi Lhnu was lcooidod at Peith, it 
n possible that thu tune infers to tho t>orond piohmuiaiy Ucmois Tho timob given 
aocoid with the marks on the ecumagiam, but ui Choulai 11 of the Scicmologioal Com¬ 
mittee of the Biitish Association for tho Advancement of Scicnco, tho ootinpouding 
times aio 24 minutes earlioi 

GAPS OF GOOD HOPS, AXBICA 
Royal Obseivatoiy Su David Gill, duoctoi 

lat 33°50'S , long 18° 20*E , altitude,7moteis, distance, 14808° oi 10,524 km , 
chord, 12,260 km , duoolion, S 80° E 
Foundation, waabhmed Palcoioio locks 
Seumogiams, ahoel No 1 

The untrumont used wns a Milne lioiuoutsl pendulum, oast eomponent, photogiaphio 
registratum T v 12 sooonds, 7, 01, J, 220 malois, angulai displacement, 1 min — 
021°. Jf, 265 gm, L, 15 6 cm 

S: VET a i"h' 


Nut onmponant Nit Nit MO 02 

Intnvnl 21 Of U0T 810 


The record is oxtiemely small and is not brought out in tho lopioduction of tho boib- 
mogiam. On tho photogiaphio copy of flio seinnogiara tin Imo allows a slight ewclHng 
bcguuung at 13 h 80 5™, and a few long-pmiod waves begin at 14" 88 5“ It docs not 
appear why this roooid is so much amalloi thanthoso of Pmth and Ifaoritaus 


BLAND ON EAUSnina 

Royal Alfred Observatory T F Clacton, duoatoi 

Lot 20°00'S , long 57°35'E , altitude, 51 motois, distance, 102 02° or 18,012 km , 
ohord, 12,601 km , direction, N 1° W 
cheat No 2 


The metnimeint used was a modified Milno horisoutal pendulum, two oampanents, 
photographic rqgutraban 

(1) North component T* 204 socands; 7,11, J, 1,140 metem, e, 1.042, angular 
dieplacrnnant, 1 mm — 0 80°, M, 810± gm , L, 15 om (1) 

M\ VH_L__L _ Jfl CWt A _9_.. TP a T an*_j 


East oampanent' T v 20 4 


7,8, J, 880 metem, «, 1007; angular dis¬ 


placement, 1 mm — 0 217, M, 840± gm , L, 18 cm. (1) 

Prebrnmazy tramon, 412" (7), interval, 287" (?) Regular waves, 808^ (1), in¬ 
terval 88 8 mmutea (V) Maximum, 60 0" Amplitude, 5 0 mm 
Duration, 8 8 home The times given do not specify the component, but apparently 
refer to the east component, aa the north Beonmogram is not very dear. There a a con- 
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adorable inaease in intensity at IBP fi83“ # but it n not evident what it refers to The 
tune of the long waves is vmy doubtful 

The installment b an ordinary Milne hamontel pendulum with the beam pointing to 
the east, to the supporting column ■ second pendulum is attached pointing south, tins 
is shout 10 cm long and eames a weight A long light beam eaiiying the <i«pin«m n 
attached at light angles to this pendulum, so that the two lecaida an made side by side 
on the same photogiaphia paper The diaphiams aie cut-down to a width of 0 or 7 mm , 
and the slit ui the box, thru which the light passes, is dosed at intervals of 2 mm, so that 
a senes of white IrneB appease on the reemd One of these white lines lies almost m the 
canter of the record of the noith component 

Mountain a slightly misplaced on the map (plate 1), it should lie in the southeast 
angle between the lines masking 20° S latitude and the ted nmth-south line, thiu the 
antipodes of the origin and pi actually touching theae two lines 
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EARLLEH EXPLAHAHOOS 

On examining tho bcnmqgruns, we nolioc that many ol them cnn laadily be divided 
into a numboi ol wbll-dnflncd pule The lnovomanL begins as a slight Yibtahon, known 
Bb Uvajaat ptelitmnmy bomoia oi th cjbtl phase, aftoi an intoival, dependent upon tho 
distance of the station fiom the origin, thru 1 n a mailcrd Rtiongllicnmg of the motion, 
this is called the second pteliminarij honors 01 second phase, vciy soon tho motion booomes 
quite megulu After a second mtrnvol, also dependent upon tho distance ol the station, 
the lircguluities gradually die down, giving plane to wave* of long ponod, 35 to 50 soconds, 
which may have a large amplitude, at man} stations tlio laiguL outh-ampliLudee oooui 
duung this phase The time whan theso waves lake on a fanly regular loiin can uaually 
be identified with Mime accuracy and is thereloio taken as the timo ol tunvol ol tho 
tegular men IL n a liLllo latei Lhan Lho long waves of PlafcMn Oman and a hlllc 
oulici than the laige unset of Floienoi Milne I liavc adopted tins point, aa I found it 
in genoial moio easily ulonLiflablo, in tho vaiioiw huamogramH, than tliaao just men¬ 
tioned, tho in Boma susmogiuna it is dilTicult to deloiiiuiiL' ocouralaly wlieic tho icgulu 
waves begm In a few case* it n not elcar that lime ue any icgulu waves at all Thh 
phaao does not last long, but it la quickly followed by waves of shorter period, 15 to 20 
seconds, during winch the punter is apt to locoid its greatest amplitude^ and wlueh has, 
thorcfoic, been called tho large unset or principal P» l, it dim down with inme oi leae 
uiegulanty untd quiet is l&toied This may roqurio sovoral houis, tho Lho authquakc 
at the origin may have lasted less Lhan a minuto 

A numbor of hypothesos have boon advaneod to acoount for tho mo teasing duration of 
the dntuibaace as tho distance of the ataLron fiom the ougm u groatu. In tho fiiaL 
(darn, it is the gonoral faeliof, fliat auggeatod by Prof II D Oldham, 1 that tho first pre¬ 
liminary tremors are due to longitudinal waves, lho second preliminary Ucmus to trene- 
verae waves, these two bung piopagatod thru tho body of the auth, and that tho long 
waves and pnnupal put am due to waves tianamittod along tho ainfoeo, altho some 
BuamologiBtB think that all waves are transmitted around tho earth at oi near the surface 
A part of tiie leomd, nou its end, is, u somo caeea, duo to auifeoo wavae which have paaL 
around the earth end have approached the station bom tho antipodes 

Ae longitudinal waves advance more npuQy than trenevene the Interval between them 
naturally increases with tho HmSmuib of propegatian Thu re the mast eabafaotory 
eaplanabou of the inmnening interval between tho two phases, but aooarding to it we 
■houldhavetwogroupsof waves separated from each other by a period of quiet; whoreaa, 
m reality, we have a eontmnoue disturbance, and, moreover, observation docs not con¬ 
firm the idea that the first and eeoond prehmmary tremors oonelat solely of longrtudmal 
and trensvsne waves, respaetavdy 

It has also been suggested that repeated reflections from the earth's surface would 
cium a eucceenon of rmpdaea, but m tine oaae also they would be dleeontmuooB Still, 
it h moat probable that aame of the sudden strengthenings of the movement are due to 
the enival of them refleotad wavaa 

1 Oa the PlMsasdanaf Matfan to Gnat THitsmss M tans. B 8 1000-1901, vol 

104, pp 188-174^ 

no 
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An explanation has bean Bought by supposing that waves of vanous periods aie piesenl 
in the dutuibance and that they ue piapagatod at vauous lates, just as light votes ot 
difietent wave-length tiaval at different speeds in tianspaient substances Altho the 
alow peiiods ot the legulai waves ohange into the quiekei pciiods of the piuoipal part, 
this change does not seem to contamiB duiing the leaieindei ol the disturbance, noi 
has a umilar change bean disco vet ed dunng the (hat two phases 


The passage of sound thiu on suggests a bettei analogy A strong sound, like the flung 
at a n-Minnn oi a clap ol thundei, is not heaid at a distance as a ahaip noise, but is ac¬ 
companied by a lumbhng that lasts fai many seconds, tins ■ due to lofloetions and 
1 enactions ot the sound at the auitocea ot mangy lsyets of an of vni j mg temper atuie, etc 
Now the matcnol ot the eaith foi a few kdometeis horn the suiface consists at locks ot 
\aiying density and elasticity, and when an elastic wove ciomeB the bounding auiface 
between two difteient motauak, it u m general split up into fbui waves, reflected longi¬ 
tudinal and tianaveisa waves, and left acted longitudinal and tiensteiso wavn When 
the lefleoted waves, letuimng, meet a boundeiy between difteient kinds of lock, they eie 
again nfleeted and send waves loiwaid, which ore, howevai, letaided behind the onginal 
wavo In this way, by lepeated reflections and refractions, a largo put of the eneigy of 
the anginal wave would be, ae it weio, staled up in the heteiogeneous euifaoo layoi of 
the earth and be slowlv given out, thus keeping up a continuous supply at the suifaoe foi 
a limited time 

It the whole aailh veto eufHeieiitly heteioganeoua, we ehould not have, at distant alar 
bone, the distinction between lint and socond piduninaiy tnmoie, foi theie would be 
thruout the whole couiae ot the waves euoh fiequent Uansforniationa from longrtudinal 
to tiansvsiae waves and nee aeraa, that thqy would ainvo at a distant station thoioly 
mixed, and the supply of eneigy these would be Eauly eontiuioue, without the sudden 
vanation whidh actually maiks tho aiuval of the second phase But we believe that, 
with the oxoeption of a auiface lavci a few lolometeiB thick, tho eaith is fairly homo¬ 
geneous, or, lathm, without sudden changes in density or elasticity, and that an eaith- 
quake mil set up both longrtudinal and Inneveue vibiatione, which will tiaval at diffoi- 
ont speeds and become enlnely eepaiatod fiom each other in the homogeneous intoiior 
When the longitudinal waves reach the heteiogeneous layer near the auiface they will 
be biokcn np, at eveiy lefiacting auifaee both longitudinal and lianevcise waves will 
be sent foi ward, as the fonna always liavel tho fasten, they will uiive lint at the 
eeith'a einfaoe, hot, in geneial, the trsneveiBe waves, set np at the lest lofiacting eui- 
facc, will not be far behind them The piopoitian of longitudinal and traiuveise warn 
in ihe first piehmuiaiy tieznars, at a given station, will probably depend upon epooial 
chaiacteiistica of the lock m the neighboi hood and also on the dueetion ham which the 
waves come, foi tiansftn matrons depend on the angle between the vibrations and the 
lefiaetmg einfaee In ngumB of stmbfled looks siuh suifaces are vety numerous end 
aie usually parallel with each other; then influence would vaiy u hmhHwimia with 
the dueetion m whidh the vibrations met them It might thus be possible for the 
flnt piehuuneiy tremirn to consist almost wholly of longrtudinal waves, or to consist 
of both kinds equity, bat it does not Beam passible that tianeveiee waves could pre¬ 
dominate in them 

Let us now turn our attention to the group of transverse waves traveling by them¬ 
selves in the homogeneous Interior of the eaith They fell farther and farther hohiud the 
longitudinal warm, when they reach the heteiogeneous outer layer they also suffer tiane- 
farmabons, giving nee to both longitudinal andtianevene waves, and them, by wwHannal 
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rcfleetaans and iefi actions, pi along the tune dm mg which this group leeches the surface 
In this gioup, bb m the fiibt, the piopoition of longitudinal and lianbvoibo vibiationa 
loaching the surf sec may vaiy botweon wide limits, but the langil udinal waves can 
never prodomiiiale Howovei, the fust vibialions ot the gioup will bo longitudmsl, 
foi at the Hist lefiacting nufsco which the waves meet longitudinal wave* will, mgcnciol, 
he generated, and will immediately advance at a highm speed, always keeping ahead of 
any tranmoise waves that they may develop These waves, liko Lho lcadms of tlio flist 
group, aie apt to be weakonod fay leflections and tian&formationa and may fail of recog¬ 
nition when they aic superposed on the lator vibiabons of the fiist gioup The tune of 
aiuval ot the Hist gioup is dependent on lho speed of the longitudinal waves, horn stall 
to finish, but that ot lho second gioup depends on the speed of tiansveiao waves in the 
homogeneous uitciior and of longitudinal waves m tho holoiogoncous outci layer 

We do not know enough about the intei 101 of the earth to fix Lho tluekness of the outoi 
heterogeneous layoi, nor to say whether severe earthquakes originate in it 01 below it, 
tho the former seems the mote probable We have Dm simplicity of statrmonl mumumii 
lho latter, but this is by no moans neeonaiy If the eailhquakc originated in lho hotel o- 
gonoous laym, both gioups of waves would Buffer some elongation bofoio thoy loachod 
the homogeneous mteiioi and attei they left it, but they would tiavul without dhongo 
so long ob they woiem it If there is a control metallic 0010 m the earth, changes would, 
of comae, take place when the waves erost its boundary 

TBS 8IB0BOER XBUSV1IU WAVES 

If the outer leg or of the earth worn sufflcumlly thick 01 suffloioiitly hotel ogoncouB, longi- 
ludmal end bansvoise vibiatioiis of the ptohminaiy tioroora might boooino so imxod in it 
that the fliBt and Booond phasas would not be distinguishable; buL ncvmlheloss, the two 
kinds of wavub would seporolo bom each oUuu m the homogmoouBinlaiiai and at distant 
stations tho two phases would appeal BuL tho fact that tho socond phase is so muoh 
stiongor than tho diet at all Blotioin, indudmg thorn 30° 01 40° from tho oiigin, which ate 
too neai foi the difleranee to bo accounted for by tho voilical component of the longi¬ 
tudinal motion, indicates that the outer homogoucous layer fay no moane desUoya Lho 
distinction between longitudinal and tianevomo waves m the fliet two phases, end that 
the transvase waves aie ougmelly muoh stiongor than tho iwngiiJuimAl Hub may be 
due to the way in which lho waves oiigliuito at the fault-auifaco When the rapUiro 
ooeum then, the fiiolion of one Bide against the othm is probably tho ehioC moans of 
stsitang the vibiabons, and evidently would pioducc stranger trnisvono than longitudinal 
waves 

ike sepabaxton or no nasi two tbabbsl 

lbs (fasdnebon of the flist two phases would exist from the very start, but they would 
naturally reach a near station only a few seconds apart; and if the anginal shook lasted 
longer than this interval and underwent oomnderable venations m Intensity, the ai rival 
of the fliet prelumnaiy tiemon, due to euocemve parte of tho ebook, might mask the 
amvsl of the second. Moreover, and this feet h perhaps stall more important, few in¬ 
struments an provided with very open bnuncalee, a ww? mmihti nm to show the 
eepsimbon of tho phases near the ongm Fortunatoly the Ewing thr ee - co mponent seis¬ 
mograph at Mount Hamilton met this requirement; its tune-scale woe 0 or 7 mm. to the 
second and it was therefore quite competent to show the interval of 9 — which 
separated the b n gi nimi g B of the flist two phssea Mount Hamilton, at a of 128 

km from the ongm, wsb tho nearest station provided with a time-marking record At 
VmtBiia(dMtiiitin4fml I UBIlcw»)thAMHAnii—«r*x--fa-> nl mnln “"* l + lMt rr ”rffT "» g 
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of vibrations tram various puts of the fault-plans make it impossible to raoogmie the 
wmmwuI phara, but at Sitka (20 72° <n 2)302 km), and at more distant stations, the 
w>mnri piiawi ib distinct So tu, theiiioie, as tho olf*ei rations of the California earth¬ 
quake ue concerned, there ia no reason to behove that the fust two phnaas ue not dis¬ 
tinct ham then atutuig-pcnnt; and the reason tins has not bean recognised huetofoie 
may be entirely due to the email time-scale of the lifatruments 

THE KRECIIOH Off HOOT. 

Lot ub see hoar tar the obasived duectiona of motion support the above explanation 
of the elongation ot the Hint two phases The duplex: snwnogiaplis of Boikolcy and 
Mount Hamilton indiaate tlie duoction ot the beginning of the motion; they show that 
the lust movement of the ground at these stahoia was dnacted away horn the oiigin 
The extent of the Eoullrsuifaoe soon caused waves to oomc tram many durations, no that 
the racoided movement beeame confused almost immediately; but at Mount Hamilton 
there were two longitudinal vibrations before other waves mala tally interfered with 
duration The aerancgiam of the thiee-eomponent Ewing uiehument shows, when 
we Canada the auangemenl ot the reooiding pens, that the diet and second preliminary 
tiemois began thae with a movanent southeast and noithwest, that is, along the 
duration of piopagalion Theeo two were the only btaUoik near tho eai Lhquako's ongin 
which yielded definite infoimation legaidmg the duration ot motion at tho beginning ot 
the shock And of all the lecoids nt distant obseivaloiiea there are comparatively few 
which threw light an Hue subject, because only a very lew mstiuments wcic so 
oiiented as to lecocd separately the vibrations parallel with, end at right angles to, 
the coni sc ot tho waves Tlie station m tho eastern pat of tho United States were 
well situated toi due puipoeo, bb tho wivbb were moving almost directly eastward 
when they past them Ottawa and Cheltenham each recorded tho longitudinal 
waves (east component) about 13 seconds bofoic the trsnsvome, and the longitudinal 
waves alee were Bomcwhat btionger diuing tho fiut piehminaiy tiemoie In the second 
group, tranavam waves (north component) wao recorded at Cheltenham 0 eeconda 
earlier then tho longitudinal; and they seam vay Blightly stranger The noithein com¬ 
ponent of the second group m the Ottawa eeumogtam cneilape other parts and oan not 
be dually read, but it seems to be somewhat sponger than the eastern camponont Tho 
Albany lacmd does not yield definite iG aults, and tho other stations in this naighboihood 
only lecarded ono aompanent of tho motion 

The waves aii ived at tho majority ot tho European obsuvatanes m a duootion making 
angleb betwoon 30° and 40° with the meridian, and as by fai the laigor number of the 
matnimonta recoidod eUhar narth-aouth m cm t j west motion, they would be affratad about 
equally and would not distinguish between longitudinal and Izansvase waves A lew 
mataTunants, however, were ononted so as to make the distinction Thu triple Ehleit 
intauient at Uccle began to record at the same moment with all three components, but 
the longitudinal waves (N 00 0 W)warestionga duung the flirt preliminary tramois, end 
the trenaveme (N 00° E ) duxing the Becond pielunmary tremare At Kiemsmunster 
the loagdudmal waves (distributed between the two eomponents, N 18° W andN 78° 
W) seem stranger during the first preliminary tremoia, and the transvene (N 47° E) 
during the oeoond preliminary tramore At Hoeca di Fipa ihe longitudinal vibretuma 
(NW) m the second preliminary tremors were registered 42 —««w«4i before the trana- 
vaae (NE), according to Erafamar Agamennone'B reading of the reoord At 

Mesona, the trenavera (NB) vibrations In the second preliminary tramore were somewhat 
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The waves appioacht Tashkent and Jui jew making a email angle with the mctidun 
No dilleienco can bo made out lot the two components duung the hist and second pie- 
liminaiy tiomoib at Twchkent, but at Juijcw the coht-ucst compoucnt was laigu fbi 
both The vases appioacht Uauutius exactly liom the noith, and it u the most 
distant elation liom the ongin fldi 0 } The eailioi pait of the motion was distinctly 
btiongei oil the noith-south component, and this picpondoianoy lasted duung the fuel 
part of the second ptoluninaiy tiemois, but it must be lemcmbcicd that tho time of 
beginning of this phase ia somewhat doubtful On the othei hand, wo And tho oast-west 
motion, at Tacubayn, sliongu loi tho hist two phases, alt ho the duccUon oT prapnga- 
tiou was piootuiallr synimclneal with lespcoL to tho two components At Upsala tho 
east-wobt movement was slightly mote maikod duung tho fiist picluninary tramma and 
the noith-bouth duung the second piduniiuuy trcinois, tho tho opposite would have 
boon expected At FoWlain, Jena, and Gottingen tho north-south movement was 
slightly the ationgm duung the second pielinuiiaiy tiemois, also contiaiy to expectation 

This ia tho vmy meager evidence which the iounds of the aaithqiinku ollu regal ding 
the direction of motion duung the ptduninoiy tioinoia It is not ontudly eonaialent, but 
it indieatoB on the whole that longitudinal vibiatious wmo ptcpondcianL during the first 
pidiminaiy tiemois, and tiaiwvomo duung tho second pidiimnazy tmnoie, but that 
both kinds of motion ousted pi actually duung tho whole of tho pidhmmaiy tiemois, 
and thoioforc tho ovidciuo can bo soul to favoi tho thooiy advanced Lo oxplnin tho draw¬ 
ing out of tho leeoid 1 

We must lemembei that Lianivopw vibiations may have any direction aiound the 
dneebon of ptopegntion, and in poiticular may lie in Liu* vuilical plane thru thu 
dncclum; the lionsontal p rejection of Llicir motion would then ho in (Jio dticellon of 
propagation of the disluibanra along the auifaco, and they would bo loooidcd ae tho 
they wine langiLudinal waves Tine may explain tho longitudinal direction of tho 
ationg motion at Mount Hamilton, tho tlio movement on the fault-piano would load 
us to oxpoot transveiu waves moic ncoily in a houaontal plane 

IKE FBHCIPAL PAST AID THE TAIL 

It is generally bolioved that the auifaco waves aie also diawu outmoic and mom aa tho 
distance of the station ia gioatei, buL ail examination of tho Boisniogranid of tho California 
oailhquako don not support Lhis view It ia veiy difficult to dotorndno what should bo 
considered the principal pail and what tho 1ml portion of tho aoismogmin, buL on mak¬ 
ing the beat oslunato wo can of tho pimeiptd part, wo find no regularity m its duration, 
aid wo also find very different iosuIIb according to tho typo of lnatnimont looording 
For instance, at Tasohlcent, one would oabmate about 2 5 houia foi tho pmudpal pait 
fiom the Bapaald-ZoDiim mshumanl, and 111 minutes bom the Baaeb-Omori At Battt- 
mora (distant 85 7°) a Milne pendulum makes the duiahon of tho pimnipal put about 
47 minuteB, whereas Boaoh-Omau instiumente at Wawhingtcm (85 4°) and Cheltenham 
(85 0°) miiiMto a duration of only 0 to 8 minutes At Ban Fernando (85 26°) a Milne 
pendulum gives a duiationof 45 minutes, at Krakau (85 88°) aBosch-Qmou, subject to 
some solid fnotaan, gives 5 minutes, and at Vienna (80 37°) a Wieohmt inverted pep* 
dulum gives 13 minutes The following table, m which the duration of the principal part 
h given m minutes, u made up horn the xerarda of Milne pendulums alone, and shows 
that even the same type of matiumcnt does not yield oonvitent results 
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It is quite evident that no conclusion legal ding the \aiiation in duiation of the pnn- 
cipal paiL at difieienl distances fiom the oiigin can be diawn fiom such data 

But, oltho we may be unable to lecogmse a piagisaaive ehange in the duiation ol the 
piincipal put, nevmtheleia it is quite certain that all sewnogiaphs legistoi a btiong 
motion lasting much longei than the oiiginal shock What has been called the violent 
ahock, and which alone could have affected distant ufismogiaphs, did not loat moio than 
40 01 60 aaoonda, wheieaa the leaoided pimcipal put ccitdinlj lasted many minutes and 
m some cases an houi Thin may bo in put due to the avndnomam of the peiioda ot 
the warn and the inabumenta, but it can not be entndy explained m this way and it 
mubt be lookt upon aa not yet undmatood 

We have a little information legaidiqg the pievalenl dnection ot motion duiing the 
pmmpal put At Ottawa, Cheltenham, and Albany the longitudinal waveo ictained 
then intensity foi a longs time than tbo tunsveise, tho we can not say which attuned 
the gi eater maximum At Eocea di Papa the longitudinal waves attuned tho ginaloi 
maximum, but the dmationa ot the two wua about the aame At Mc<una the longitu¬ 
dinal waves see stiongei and lasted langei than the tianaveise On the other hand, 
the tiansveise waven laded longer at Floience, and they had a gieatet maximum at CJag- 
giano The obauvatums aie vmy meagoi and ray ueonawtent, evidently moic euctul 
ohbavations must be made to ahow to what extent the longitudinal and tianavuae waves 
aie ehaiaatenabe of dilleient puts of the owouuywi, hoe fu thus quality is diliciant 
at difierent stations, to what vuiataona it is subject, and what are their mihw 

The long tad poition of the auunqgtam is still a uddle, and altho we can haidly help 
oonudmuig it as m some way due to waves following diDeicnt paths and to icflootiona, 
wo shall nee fuithci on (pagp 124) that simple isflootions will not explun it One may 
easily be misled in attempting to eouelute csitain movements on diffluent sou>mogianv>, 
for instance, the last maikod broadening of the la ace of the P&ialo), Edinbuigh, and Bid- 
eton Beibmogiama (sheet No 1), ooeuiimg a few muutea befoie ll h 30", is so nnulu that 
one would naturally suppose that they lepieaent a special gioup of piQgioasive waxes, 
on detei mining the times of occuuenco we fled fat its maximum, 14 h 14 7“, 14 h 20“ and 
14 h 2fl 1" at the thiee Btationa leapectively, the diftmenoe in time at Poole} and Bidaton 
o 117 minutes and the diffeience m distance 252 km , theiefoie the velocity of piopeger 
turn would be 22 km /min But the tune lot them to roach Paisley bom the focus, a 
distance of 8,060 km would be 62 2 minutes, requiring a velocity of 180 km /nun 
These values are ao diffident that we must regard this broadening of the trace as due to 
none accid e ntal synchronism of periods at the three and not to an objective 

chanusteiwtic of the dutuibance itself There ere many difficulties in underetandiiig the 
ehueetesuboa of the seamogrem which have not been overcome, and it is not hhdy 
that we shall have a oomplete explanation of it until a large number of heavily damped 
eeumegrepha are installed, whose lecoads will eonmpand eloaely with the actual move¬ 
ments af the earth, and will not be materially affected by the pecuhantaas of the instru¬ 
ment itself 
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All the avoiloblo data which has been obtained bocuing on tho vulocitv or tiausinwoon 
has been collected in lablo 7 and exhibited graphically in [date 2 It will bo scon that 
by fai the laigci numbei ot oboeavations occuiicd at distances between 70° and 100° liom 
the oiigin Many of the stations me at eo nearly equal dibtanca that they base been 
grouped togcthci and enleied as a single obnoivation in tlic plate, thmofme tho number 
of ob&oivationR marked on the plato is comidoiably led than the numbei actually lcpie- 
sonted All tho ocismogimua have not tlio some dcgieo of aoeuiaoy, and difluciit ayu- 
bola have boon used to indicate those diQoionccs, the obbuvatiam limn soino etotiona 
me less lolinhlo on account ot tho difhcultv in leading the saranqgiain, m some eases, 
less confidence can be given to tho locoid beenuso tho uusinogimn was not at hand to 
conflim it, this applies with special foicc to the ol>ci\aUonii ol tlic icgulm waves, toi 
thcic is no gencial consensus of opinion as to tho paiticulai point ol tho soismogiom that 
indicates then bcgnimug Tho cuives dinwn in the plato sliow tlio tunas taken for tlic 
tluce phases to Uavcl firnn tho oiigui to the distance ol the obsoiving cLotion, theso dia- 
Unrrs being iniliratcd in ilrgiecs anil kilomctus The stations are inaiked at tlio bottom, 
hiiigly oi in gioutis, occasionally some stations ol n gioup fail to yield satiafaoUny dotoi- 
niinatioiis ot the tnno of rniival of a phase of tlic distuibanco, this pliusc is then maiked 
with the initials ot tho station* which leeorded it 
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Aftci plotting m the bma of aimal of the thico phases at tlu. vniioiu stations a 
smooth curse ft diawn thiu tho points maikod, so that the cnoia of Ihn obbci sal ions 
ma} bo as email oa passible, tho solocity ol tho hist piulimiiuuy tiamois, ae noted on 
pago 7, is a%umcd to bo 7 2 km /soo noai tho oiigin, tho vdoritv of tho second pio- 
lmnnaiy ticmois m the saino icgion bccomos 4 8 km /see liom llui Mount Hamilton 
obscivationa, as they begin Ihcie 0 seconds olloi the fiisl piolunuuuy liomois A special 
method was followed in diawug the stiaigiit lmo foi the long waves and it will ho given 
luithei on These ouivea aio eallod "hodogiaphs " Tho as mage vdoeily of tians- 
mission to any station is evidently gison by tho tunc mtcisal divided by Uio distance, 
that is, it would equal tho tangent of tho anglo which a sliaight line, diawn fiom tlio 
oi igin to a paint on tho hodograph immodiatelv above tho station, mokes with Uio vei Lieal, 
and tho velocity along tho unlace would bo given by tho diHeioncc boLwoon tho lunoa of 
ainval at two stations divided by tho dillaiunoo of tliou dislantn fiom tho oiigin, piovided 
these distances diGmod but little fiom each othci 


Tho flist thing that stiikca us on examining the plolo ia that tho hodqginphB of tho 
Gist two phases aio cuivod, uuln a aluig that tho oveijgo velocity of tionsmissiou incioases 
with tho diblanoo, and that the hodagiaph of tho lagulai wavtMs sliaight, Bhowing a con¬ 
stant velocity independent of tho distance These distances have boon moasuied along 
tho suifaco, oi, as it ib exploit, along tlir aio When wo plot tlio hodagiaphs of the flibt 
two phases in Lciina ol tho dnlMico of the stations fiom tlio oiigin, mcanuiod by the 
ahoitost loute, that ib, by tlio choid, oa shown uithc uppoi put ol tho plalo, we Qnd thorn 
still ouivcd, but much less so tlian m tlio fonuai ease It ia tho geneial belief that Lbo 
cuivatuie of those linos mdicatcb that tho waves tiavol thiu tho body of tho earth and 
that thmr velocity ucreasos with the depth ol tho palli bellow tho auifarc, if tins betiue, 
and no satisfactory uguments have boon advanced agunal it, tho waves would not lollow 
tho shoitest path to a station, Lhal is tho choid, but would follow a curved path, oonver 
downward, whioh would hung thorn to tho station in tho shortest time Unfoitunately 
at distances greater than 100° lor Uic flint piobuimuy licmma and 12l»° for Uic second 
ptbhminaiy tiomois, the obsmyations of tho pluses become extremely doubtful, and it 
u precisely tlu paths loading to stations boyond thoso distances that dip vwy deep 
towards the contoi ol tho outh, and that might lovoal tho natuio of that icgion 
Tho eauao of the maceuiacy of obaervaliona at peat dutanoos is not far to sook Tho 
Gist pidunmuy ticmois no always very weak and uc loooidod as vmy mnall vibialiona 
even at oompuativdy small distances. If, mareovor, as wo havo given masons to bohevo, 
then yilnationa are longitudinal, a luge put of thou ouorgy would bo taken up in vorlioal 
vibmtuma at the auifaee, putuiduly at gioot distances, and would thoroforo fad to pio- 
dueo an appreciable disturbance of nwtiumenia locmding honumtal movamenta only. 
Tho haruontal and yoitual camponentB af tho Gist pidbiunary tremors at Qottmgon 
(distant 8186°) have about the aanu Bmplrtudo, which u veiy amall, and this shows 
that tho weakness of this phaso u not maely due to its tendency to produce verticil 
vibiatuma at the earth's surface Mareova, the amplitude of vibrations would doereaae 
more rapidly than the dntance. because, as Prof C G Knott 1 has shown, the curved 
pathaof these waxes would cause the energy to bo concentrated upon the nearer stataona, 
with a eoiresponding diminution at the mate distant ones It also happens that all the 

instruments at stations beyond 105° have a low magnifying power, with tho exception 
of Batavia, and oven there the magnifying power, 06 fi, may bo inauffiawnt to lndinate 
the reel beginning of the Giat preliminary taemara It fa quite poenUe that the beginning 
of the xeoord at Maunthia may repres e nt the second preliminary tranan, and that the 
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hodograph should pom exactly thiu the leooids of Galeutta and UouiituM, but thib is 
too unceitam 1>o justity the extension of the hodqgiaph to DIauiitius It does not seem 
to be possible, liom the obseivnUone of this earthquake, to drew ant ooitain infoience 
regaiding the telociti of piopagotian of die fust two phases much beyond 110° 

The hymning of the second pufiiminur tiemcca u often the most easily locognunble 
point of the senmogiBm The Gist piehminaiy biomois fiequently linvc so small an 
ajnphtude that then beginning can not ho detoimined, and somatime» thoie is no evi¬ 
dence of any maiament until tin second preliminary tiemois aim e Tho lot lei usually 
show themselves by a definite and weU-maikcd lncioase in the amplitude of the lecoidmg 
inati ament 

The reemde of the Kingston oaithquake of Januaiy 14, 1907, ofler a teiy insliuotue 
example of tho mfiueneo of the magnifying poirei ot boiemogiaphs an the timos ipooidcd 
Washington, snth a magnifying powei of 25, lecaided the fii*t pieluninaiy tiomoii, 
Cheltenham, with a magnify mg powei of 10, began its record with the •second piohimnaiY 
tiemois, whereas Bnllunrae, with a magnifying powei of 8, oiily leooidad tho piincipal 
put These tluee slaliona aie dose together and piaotically at the tuno dixtuica fiom 
Kingdom 

Tho hodogiaph ot the xocond pielimmaiv (icmoi*, expiest m toinis of the distance 
nieuuied along tho ehauL shows a point of fn(hotion at a drtonee ol about 0,000 km , 
thn docs not indicate that tho aveiage velocity diniuibhee at this distance, but lniuoly 
that it does not mcicase as lapdly ae it does at shoi tci distances, this pait of the eui vc, 
howevci, is quite doubtful and wo uc not justified in diawing any vciy definite conclu¬ 
sion fi omits toim It u evbctndy disappointing that tho ob*>oi vataons of this nu Lhquako 
do not lead to definite lesuhs icgaidmg tho propagation of the distui hence to vciy gieat 
diatences; foi tho pomt whoto tho earthquake occuirod and the tuno of its ocounoncos 
ue both known to a satis!actoiy dcgiee of oecuiaegr. and msliumcnts rooorded the 
shock at station* ns isi as 162° distent, that m, veiy naaily to the antipode* Thisfuithor 
emphosiieB the unpoitencc of installing inshuments lean ding the voilical oomponont of 
motion, and libtiumente with high megmfyiiig powois, not less than 100, foi they alone 
can he expected to yield satidoclaiy leooids ol the times of tho urn el of the vuiaus 
phases of very distant eoithquakcs, legniding which oui information h still vciy vaguo 

Ae the eart hq ua k e angumted at somo disfenre bolow tho suitace, the suifaco velocilY 
in the immediate neighborhood ol the opiecntium would ho var luge, it would dunmisli 
lapidly as the (balance mm eased, would icach a minimum mH again inoicaso as the 
paths of tho waves to the more distant stations axtended deeper into the earth If we 
hod absolutely ooouiate olanvntians, the hodograph, diawn fiom them, would he con¬ 
cave upwaide neu the origin, would pass thiu a pomt of inflection ahttle fuithei oil, » n< i 
would then pass mto the gcnarel form, oonoave downwuds, as diawn m the plate See- 
bach 1 fiist pointed out that the foim of the cuive in the neighhoihood of the origin 
bo used to determine the depth of the fooue, ho nmiimari constant velocity in dll upwaid 
directions near the oiigin, Pi of A Schmidl* 1 assuming moreseing velocity with tho 
depth, modi fie d tho i emits, but the degieo of acouiacy loquued of the ofaeavationii u 
so gieat that ill attempts so Far made to determine the depth of the focus by this 
arc unreliable, and wo can not expect to apply tho method suc c essfully imfai tho occuiacv 
of oui observations is far gieater than it is now Table B dhows the dbtances of stations 
from tho centrum in kiloraeteis, m terms of then distanoea from the epuentiuin meas¬ 
ured along the euifare of the earth, and of the depth of the centium, t h e s e distances 
take mto account tho ouivature of tho euth and uo aceuiate te a fraction of a kilometci 

• Du Uitttdantwha Bnlbehan un 8 Man 1872 Lopas, 1878 
Wallanhwgung and Bidfaatam Jahrafaafte Rlr YatarUnda Naturknnds in Wflrtambmg, 1888, 
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Table 0 shows the dilFaenore m the timo of ainval m seconds, of the Gist preliminary 
tiemois at stations at vaiious distances, when the foous i* at the given depth 01 at Iho 
sui fare, caloulatcd undoi the supposition that the velocity is 7 2 km / mm Table 10 
gives Bunilsi lesulls foi the second pidunmaiy tiomoib, whose velocity is taken at 
4 8 km /soo (seep 117) In theso tables *is the depth of the foous and D Iho distance 
of the station from the opicenlrum measured along the earth's suiloce, in kilomctois 
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A glnnco at these tables will show thul, foi any probable depth of focus, stations at a 
distance fiom the oiigm of two oi thice tunas lire duplli would be wholly incapable of 
supplying tlmo lccords which oould bo used in detoinuiung iho depth Let us take an 
own pie Suppose the focus of an oailhquske wan at a dopth of 00 km, and that it was 
locoided at two stations, ono 60 km and the sooond 100 km distant fiom the opuxnitci, 
the Gist would locord it 2 0 seconds and the second 10 seconds lata than it the earth¬ 
quake had occuncd at Iho tamo tune at Iho suifaco Tho diffeionco of than numbms, 
namely, 18 acoonds, is the diGiaenoo m the lntaval between Iho loooidod tunas at the 
two stations, foi caithquokcs at a depth of GO km and at (ho surface It would bo quite 
impossible to dcteimmo bo small a ddfaence with any matiumenlfi now m use, and there¬ 
fore such observations oould only tell us that the depth was piobaUv not mudh greater 
than 00 km But an scouiate lecard at a station, say, 200 km distant fiom the origin 
might he used m oonncotion with the rccotds of nearer etations, to show that tho focus 
sras not veiy deep In oui detenmnatum of the location of the focus of tho California 
earthquake in had obsavatious of four stations, and by the method of least equaiee we 
found its moat probable location Tho observations at Ukiah and Mount Hamilton had 
no pmobeal influence m data mining the depth, but helped to locate tho opioaidar, whereas 
the observatunis at tho neater stations determined tho approximate depth 
The actual paints of inflection of the hodogiaphs aie not eo very near the epicenter, 
them riwtmw being 262, 867,468, and 766 tan for the depths of focus 10, 20, 60, and 
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100 km, respectively, but the cuivntuie of the lines plastically disappeais at distances 
from the epicenter equal to twice the depth of the focus 
ProfeBsoi Rino haa mode sbong mfleetione in hie hodqgiaph ot two Cs labium eaith- 
quakes 1 A straight line would fit the obscurations of the fiist piehminoiv tieinois m 
tho fiiet earthquake to distances of 2,000 km iother better than hn euivcs, especially 
tor the near stations, and the observations which bend the hodagiaph of the fiist pip- 
limmaiy tremoib in the second eaithqueke aie fai too inaocuiate to justify tho ouise 
The observations at the eeaond piebminuy tiamm* in both cimb bio too fen to tie deci¬ 
sive Moioovoi, the pouts ot infleetionb at the cui ves aie at a dbtancc of about 800 km, 
which would coiiespond to a depth of locus of about 100 km , wheioas Piotossoi Run 
doee not think the depth in eithei eon greater tlion 50 km 
Tho ouivatuie of tho hodogiaphe neai the oiigm has not been shown in plato 2 because 
the scale is too small The tames given by the ouiven aie measuicd ham the time the 
earthquake oeeuited, as neatly as this could be detaimined, and not fiom the tamo the 
distui banco leaohed the suiface at the epieeiitei, as hoe usually bean done Thoio aio 
nartiwn objections to the usual method, tho disturbance does not pom bom the foeus 
directly to the suiface and than along the suiface to distant paints, but it goes duootlY 
to the distent points, and its tame of auival thcie, even at such ahoit distances as foui 
tames the depth of the focus, tb not moteilolly afieoted by this depth, tho the luno of 
oinval at the amfaee u It is bettei, theietoie, too oui base-lme to lepiesent tho time 
of ocoiniemce at the shook at the focus, and it the scale ot the diawing u auffioiently loige 
to show the upward cui vatan e of the hodogi aph, thoouive would not pass thi u tho oi igin 
but above it, at a datanoe rspreenting the time necassaiy for the shock to go bom the 
foous to tho surface This will be only afow seconds, peihapenevei moio than 7 seconds 
fm tho fiist piehminoiy tiemois and 10 la the Bee and piehnunuy tromoiu, as 

these mtnvals would cmraspand to a depth of fboue at 60 km 
In table 11 ere ahoun the velocibos of the fiist pteliminaiy tiemoib and pie- 
luninaiy tiamors m kilometas pei socond, mpasuied along the chad The velocibesaro 
not calculated bom actual observations at the stabans, but fiom tho hodographs 
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Two sets of values of die second pichmuioiy tiomxns aic gn en fot distances of 100 ° 01 
moio, thci oanospond to the two euivc* drawn in plnlo 2 The fiist •«( mo inoie m 
accoid with the obroixation at Batavia, the second with that fit Htuiiitiub, hut both aio 
1x13 doubltul be}ond about 110 s , whcio Uiny do not difTci much 

THE PATHS OP THE WAVES THRO THE EARTH 

Tho \doeitioB given show tho aiciago values bolwccn the locus and tho dislaueo 
indicated, but they do not show tho actual volocil} at anv lxaint of tho path Tho 
avoisge velocity inuoascs with tho dutanco ol the station and Lliis must bo duo to 
inoiOBbing velocity with greabn depth 
below the suifaco With such mciooBing 
1 doc 1 ties it u impossible foi tho lays to 
follow straight lines, but they must ldlow 
paths which aio ooncava upwaids Fiol 
E Wicohort 1 has given a method foi 
following out the paths ol the waves, 
whioh is dependent upon the ducction at 
tho wave ss it approaches a station 
The anglo at tho fatalion botween this 
ducction and tho suifaoe is the auglo of 
emoigonco, e, and its complement is the 
anglo of incidence, 1 (hoo fag 27 ) llin 
anglo may be found inunodiatoly if wo 
know tho velocity of tho wavo noai the 
mntaee and the suifaco velocity The 
foimei is about 7 2 km /hoc , tho latlei 
oan bo detamuiod fiom the hodogiaph, 
it equals tho anglo made with tho vei tusal 
by tho tangent line to tho hodogiaph 
The valuo of tho suifaco velocity dopondn, 
tbmofaro, upon tho actual dbootion ol 
thchodoginph bno (plato 2), and oan only 
bo doteimined aocuratdy piovidcd the 
hodogiaph is aoourato This, howmei, 
tho suifaoc velocity an only appoxiinatcly oorieet Hu) iiulhs of the waves depend 
upon tho anglofi of emoigonoc, and as thoy aio only appaamuilo tho sainu is truo of tho 
paths They, howevor, lopiesont fauly well the couiso of the waves os they tiavel thru 
tho oarth to stations at vuious dutancas Following Professor Wiechartfs method theso 
paths havo boon diawn m fig 27 , tho full linos lopicscntmg the first ptabmmaiy tiemois 
and the biokon hnes the second prchmmsiy tramora Tho paths havo boon diawn for 
tho fiist prelimmaiy tromoiB loading to dhtaneoa up to 110 ° and forthosooandprahmiiiaiy 
tnanen to 100°, these aie the Hrnitmg diatanceo to whioh ooi yidd fairly 

good vahios 

It will be aeon that the paths have a vary marked curvature, especially than loading 
to statuma whioh are not voiy distant The paths leading to points less than 70 u distant 
an less curved fin tho aooand prahmmaiy tramoia than far the first prahminaiy tremon, 
but the oppoatto is truo for paths loading to greater distances The paths of both groups 
leading to this particular distance an practically camddent As the waves penetrate 
deeper into the earth their paths became Ism curved, end the path leading to the antip¬ 
odes thru the earth's center would be a straight line 

1 U«teBdbebamllHi Nash d I GmbUs d Whms mGBUbwH,Math-plpi HI, 1007 
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pgrATHW OF the FELOOrr TO THE DEPTH BELOW THE EARTH'S SURFACE 

Prafeasoi Wiecheit's method enables us to detennine the velocities at chlfeieot depths 
below tho Biuiace Eoi any point on a given path we have 

rams rsms 
» 5 

where r is the distance fiom the centei oi the eaith, i tho angle which the path makes 
with the radius, and v the velocity, the lottem m the second membet ratei to the same 
quantities at the point where the path oame* to the suitaee 

Tabu 12 —Sm faea Voiociiim ami Iqta of Bmargnee 


— 

BoHSh 
M ii By 


a 

DaUnoa 

!52S 


a 

■ 

Km am. 

■ 

i 

■ 

Xm mm 

■ 

§ 

0 

30 

0 

00 

0 

90 

0 

00 

sto 

as 

44 

51 

20 

305 

98 

00 

40 

00 

53 

10 

40 

575 

40 

22 

70 

04 

05 

40 

70 

545 

ni 

42 

110 

111 

79 

40 

100 

75 

00 

51 


In table 12 we have collected togothei the vahiee for tho surtaoe velocities and far the 
angle of emmgenoe e, loi points at seveial distunes fiom theoiigin, and flora these data 
wo can calculate the velocity at tho points whaic the lespeotive waves reach then gieal&t 


{ 

I 



depths At these points the 
paths oie at light angles to 
the ladius and sins isl The 
valuo of r con ho measuied in 
fig 27 and tho value of v de¬ 
termined This piocoH was 
oaiiiod out and tho voluos of v 
given m table 13 sae found 
The*e values were plotted on 
section papei and a smooth 
ouive diawn thiu them lcpic- 


: )Jt- senting the velocity a* a funr- 
-T^arsf turn of the depth On ap- 


iRmt. oo 09 ^ ^ or oo as plying these velocities to the 

venous paits of each path 
it was found that the tune the wave would taka to traverse the path did not correspond 
exactly with the time gnen by the hodagraph The velocities were slightly altered and, 
by the method of tiial and eiior, new values were found which would make the time 


intervals oonaspand to those given by the hodagiaphs The dhangss m the velocities 
were small These velocities aie shown in table 18 in the column heeded a, and graphi¬ 
cally m fig 26 The velocity increases with the depth below the surface, but more and 
more slowly as the depth becomes greater There is no mrfinatjun ot a sudden bhangs m 
the velocity, suoh as we should expect if there were any sudden changes in the nature of 
the earth's intenoi, but it must In remembered that tho greatest depth leeched by the 
deepest path we have drawn is only about hallway to the earth's center, and that our 
values, especially for the deeper paths, leave much to be desired in accuracy, indeed, the 
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Tybu 18 —FiIkiIih of HarthqiuiLo TTodc* at Va> ion* Depth's hi aw the IiiU'i Smfuca 
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results wo have lPSLhod can only be lookoil upon as lau appio\uuAlions to the tiuth, 
and we need moio numcious and mme aocinatc dcloiramations ot tlio tinuib or tians- 
mission of eaithquaki! waios, especially to giral distances, bcloio wo ran loach a ■satw- 
Lacloiy knowledge of tho velocity of piopngatum at vaiiouh depths 


INTERNAL REFLECTIONS 

Whan tho waves of tho fiibt two phaacs como to Lite smTaco of tho caith they aie 
lodcotod, and as tho density of tho an is insignificant m rampwisou with that ol the lock, 
pi actually nono of the ciuugy osoopc's mlo tho on Hut the redacted oncigy will bo 
(h\ ldod batweon two wbvqs, a longitudinal and a 
transvoisc, aach ol which, thin cloic, will howcakoi 
than the onginal waves 1 Waves will icach a 
given station, 8 (dg. 30), aftoi a singlo icdectinn, 
from three points on tho aie botwren tho focus 
and the station The dial is tho half-way pant A, 
horn this point an uuudcnl longituduial wave will 
sand a lodootod longitudinal wave and an m- 
adant tiansvcise wave will band a lodeclud 
tianbverbo wave lo the station Tho second n 
the point C, whne the reflected (nuisvuae 
wa\«, duo to incident longitudinal waves, pass 
ofT in tho piopoi duootion at on angle of lodoo- 
tum smollm than tho angle of moidcnco, bccauso 
then vdoafyia last than that of tho longitudinal 
The thud point u D, where thotremvcieowavcB 
aie tranatoimcd into longituduial waves, whioh paw on to 8 There would aho bo three 
analogous pants W, ff, U, on the major aie When wo conoidor wavea which reach 8 
after two leOaotions, wo boo that they may follow many different pathn, aa they tmnafnm 
by redaction horn ano typo of wave to the other, thorc era of cameo two paints, situated 
at ono-thud and two-thuds the dutanoo to the station, where radootaons can take place 
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without ohango of type, and fho reflected waves will reaoh S, similail} the dntanoo muy 
be divided up into any luimbei of equal lengths, end waves can be reflected buccessivcly 
at all thcie point* without change of type, and teach 5 It a ould bcioiv complicated to 
tollow the couiio of warn of changing tvpe. but the time* ot ainvol at 5 ol waxes ol 
unchanging type ran easily he found The mlstval foi a singly leflerted wave would be 
twice the intei vol requited to go liali the dntonoe, and this internal can immediately 
be taken fiom tho hodogiaph The inhaval fa a wave which has suileied two lefloctmn* 
will be thice times tho intei yhI loquucd to go one-thud the datance, and so on These 
teflccted wans aie piobahly the most impmtant cause of the \aiiations of intensity 
duimg the oeily phases The fiist piolimmaiy tiemrns ue always weak, but the addi¬ 
tion ol the waves nfici one ienaction to the ducat wuva may male the latloi evidcul, 
when without them they would not be Tim seems the ease at Cano, Batavia, and tho 
Cape of Good Hope The times oT beginning at theso obseivaLones, as given by then 
dnectois, aie within a holt minute ot the times at which longitudinal wares would loach 
them otter one loflection 

At the following stations the offeetn of the longitudinal waves nftei one loflection oan 
bo detected at an inteival altei the boginning which is given m minutes, theso bang the 
piopei mtavals as dcleimined fiom the hodogiaph Taaubaya, 0 5 minute, stations in 
Gioat Birtain, 2 S to 3 minutos, Upoala, slight, 2 6 minutes, Jena, 3 minutes, Miiinoh, 
slight, 3 minutes, Gottingen, due m 2 6 minutes, slight offectin 3 minutes Tho small¬ 
ness of tho effects m all these oases, and the Tact that the waves aio weakened on loflcotimi 
by having a poition of thou onoigy tianstoimcd into waves of the othoi type, malm it 
linpiobable that tho eftoob of longitudinal waves aftei two m mono lefleetions is at all 
noticeable at vrij distant stations 

Hoiiionlal tiamvnse vibiations would auffa no tisnafoi motion, and as they would 
practically lose no encigy by i ofiaction into the au, their amphtudos would dimmish 
much moie slowly than thou of tho longitudinal waves, thay should tend, thoiofoie, to 
causa marked vauatioua in the intensity of tho aabmogiam, tho vibiations being tians- 
vene to the duection of piopagatum Yeitical tiansveise vibiations would Mifloi 
tionafoiinabon like longitudinal waves, ptovided tho angle of mniAmnn wore suffldenlly 
small, it, howeva, tho smo of the angle of incidence becomes gieatei Him two-thuds 
the lobo of the velocities of the tiamnetae to the longitudinal waves, that u, if the 
angle beeotna gieatei than about 42°, thcie will bo no taanafoimabon, and tho Iram- 
vwae warns will ho totally icfleotcd as transvone waves It b quite olcai, thmofoie, 
that they will piesave then mtanaity fu batta than the longitmimai wravos, and 
indeed will get energy fiom the latter ' 

When we look foi tho leflcotcd BGcand preliminary tienuna on the wq an 

disappointed that they are not moio marked, but neverthdess evidences of be 

found on many Beismogiams Fa instance, at Taeuboya the waves lefloctcd once and 
twice coalesce and appeal about one minute alter the he gmmng nf the *^“>"1 1 pi «i»mi naiy 
tremors, the waves lefloctud once arrive at stations ur Gieat Butam and m Japan from 
4 to 5 minutes after the second prdhmuiaiy tnuunb, and those reflected twice m about 0 
or 7 mmutes, tho lattei ore not evident on the Japanese —«mng»ama At BnmiM 
the two waves raflcolod onoe and twice appear attei 0 and 13 minutes, at Batavia thoy 
an due after 85 and 13 muuita, indications of them are found after 8 5 and between 
115 and 14 minutes, and many othei stations could be cited It is not entnrily beyond 
question that tho strength en n o s of the semograms sis dim tn thn wavre both 

in the esse of the fiist prehminaiy tiemora and the second preliminary tremors' but 
thqy oocur at the times indicated by the hodogiaph, and it seems moat probable that wo 
have interpreted them oarreotly 
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Theie 11 one gioup of leflaotcd lidnsveiso warn which haw especial mtmobl, namely, 
thoso whose angle of mcidciu.0 is so luge that thej cxjiciicncc inuunioiablc lpfloolions, 
that is, they piscticall} oicop aiound tho omlh'b suiloco Piolc*oi KnolL has sug¬ 
gested that Uipj aic thi' “o-i.illcd surlocc wa\ n> 1 BuL theie aic cci Inin ob\ ious objotlioiib 
to this idea They aic, that tho bpoed of piopagation could not be less Ilian the spoed 
of tho tiaiisvciac waves ruiu tho suifnco of Iho oaiLh, this spcod appeals to bo about 
4 6 km /sec, oonbidaably gicnlci than that of the long waves, again, tho cncigy in the 
suilaco waves is much gioatci tlion m the second piclimmoiy liomois, buL possibly the 
disbibutiou at unoigy on ncoount of the chango of velocity, willi the depth below llin sui- 
foce and the lclenlion ol oncigy by tho linnsvcisc waves i looping along undci tho 
suilacc, moj account foi this, lastly, obsoivations do not sliow consistently that tho 
buifaco wo\ot oio mode up hi laigo piopoition of tiaimciBe waves (soo page 114) But, 
nevcilhcless, Piofe>soi Knoll's suggestion ia a vciy intoioBUng one, and it is quiLo pos¬ 
sible that tlicbo objoclioib may be oveieomo when wo have moio accumlp knowledge of 
tlio vaiious quantities conceinod 

It is difficult to hnd tho tuno of arm al of was os lofloctcd once m tho majoi aic Tho 
inuioi aio must be giaatci than 120° foi lull the xnaioi are lo In Iras than this value, 
which ib the limit to which the hodogiaph can bo idled upon The Gist pmbiniiuuy 
tioniois, oftei loducLion m the majoi aic, aic appaicnUy too weak to bo evident on the 
bcisnogiaiu IL would take about 66 minutes foi the transYOiso woven, loflcctod once 
on tlie niaior aie, to icoch stations beyond 120° fiom tho oiigm, that is, thq would icaoh 
thorn at about 11* 07", al Bombay the motion boromoa mast mcgular at this tuno, at 
Batavia Ihoio aio vaiiations ot mtensily, but nothing voiy deGiulo, at Kodaikanal 
and at Poilh the sosmogiams aio sliongm al oboul Hus lime Allho wo can not give 
the exact tuno at which lofloobons on the majoi aio would loacli atations at a loss dis- 
toneo than 120° fiom tho origin, tho hodogiaphs show that they oould not possibly be 
earlier than tho biuts! ol Iho rcgulai wavos, and, thoiofoic, they am completely maskod 
by tho much sLiongoi dislui banco axisiuig dui mg tho rcgulai waves, the prinoipsl part, 
and tho emlior parts of Iho Lad 


THE SURFACE WAVES 

In addiLum to tho times of anival of tho Gist two phases wo have plotted m plato 2 
tho tunas of an ival of tho irgular wav oa The surface wavos me apicod ovu nurny min¬ 
utes on tho Rdbinognun, but as alioady noted, wo have taken as the beginning of tho 
icgulm wavos that point whore tho mcgular movement (which n a pm L ot, or follows, tho 
aooond pieliminary boman) bocomoB icgulm, with a long pouod (60 to 60 sooonds) 
The plottod pomlions of thoso tunos of oinval ho veiy olosdy along a stiaight lino and no 
oihei simple cuivo could ho diawn which would fit tho obvnvstiona malenolly bottm 
To dotmmme the best sbrnght lino to uso we resoit to tho method of least squares, but 
as the observations diffm vmy much m thou rebafadity, eadh ono is green a suitable weight 
No elaborate disbibubon of the weights has been made The obaeirattans whioh me 
conmdmed good have lecmved the weight 6, those which are fan S, and those which are 
doubtful 1, a few obseivatuma which are very doubtful have been left out attogethm 
Whmo several stations have been giouped together the weight of the avsiage b, of course, 
the sum of the weights of the individual statums Those observations are considered 
doubtful whioh, an account of the absence of the senmogram, could not ho oheokt, or 
u whioh the seismogram does not show dearly just where the regular waves begin. In 
table 14 we have collected the observations whioh have bean used in determining tho 
straight hodqgreph of the regular waves and their weights 


1 Tba Fhfrioi of reriaqoiks Fhsaonaoa, p US 
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The obiei\a£ionb used come fiom 17 stations, but they oie only iepi&>enLod on tlio 
plate bi 27 points, on account of the giouping togothei ot ilatioife at vmy ncaily the 
same distance iiom the aiigin The hodogieph is deteimmod tiom nenily twice as many 
stations aa would bo mfeued liom a cui<sOiy glance at the plate We can not assume that 
the stiaight hodogiaph, deteimmod fiam those obemvabaik, passes thiu the oiigin, but 
we seek the position of a straight hnc m general which will bed fit the ofasenatums 

The geneial equation of a straight lino is y - mx + 6 In this ease y is tho tune of 
aim'd of tho long waves, t the distance ol the station ham the oiigin m dcgioes, m the 
lcoipioaal of the velocity of tianemnsion, and b the point wheie the lmo cuts the axis of 
y, — b/m is the point wheie it cuts the axis ot x On working out, by the method ot 
least aquai cs, the most piobable \alucs loi in and b acooiding to the weighted obsenar 
trails, we find 

in — 0494 inm/deg t—— 001 min 1/m - 2 03 dog /min 

The velocity ot tho regular waves 1/m is equal to 2 03 deg/min, <n 3 75 km /see , 
and the point wheie the hue crosses the avu of a is given fay — b/m, which equals 181° 
at 206 km These aie the moat piobable values ot the quantities concerned ss deduced 
horn the obseuations, but they aiethe lesult of a \cry hmitod numbei of observations 
and might he modified by insults obtained in othei aaithquskes, and theiefoie we can 
not suppose that the constants aie veiv accuiatefy detei mined On the othei hand, 
tho obsmvations aie in fau sgieement with each othei and theiefoie the lesulta can not 
he vmy fai wrong 

The fact that the stiaight hne does not pass thiu the origin, but mosses the axu of i 
at a distance of 206 km li om the migin does not mean that the regular waves start at this 
paint at the time of the shock Indeed, we have no obsmvatioiis at dl along this pait of 
the line, but theie is a very umplo explanation of the fact that the line does not pass 
thiu the origin This is that the regular waves aie generated fay one of the fiist two 
phases at the surface of the emth at a short dstanee tram the origin The point and 
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tiino at which the waves sic brought into existence would he one ol the two points wheic 
the hodogiaph of tho legulai wavui lioucs tho hodcgiaphn of the fubl Lwo phases If 
the legulai waves oie staited hy tho fust piolunniaiy tiumms, this pout would bo at a 
distance of 3 88° oi 431 kin fiom the origin, and the waiea would begin Uiao 1 mnuilo 
ailoi the shock occuuod II thej irao stalled by the aocond pioliuuiuuy liomois they 
would originate at a distance ol 811 0 or 035 km lioni the ougiii aiul 3 25 nunuteb alter 
tho occurrence ol tho shock It scoinb probable that Hie Miilacc wauw nio duo in a 
gioatcr dcgico to the liansvoiso than to the longrludinal waves, on account of Llicu 
gioatei aniphtudo Ac pointod out by Lord Rayleigh, tho suifaco waves expand along 
the builaco m Lwo dimensions, wheroas tlio othci waves expand thru the body of the 
caith in Ihiec dinumsioin, the foimer, thoioloic, donoasc in anqdiludc much inoic 
slowly than the latter and at distant stations cause a gicater movement than llio pioluni- 
naiy tiomoib which stalled them 

This would account loi the piepondciamc ol transvuise motion m tlie pruuapal pail 
ol tho icoardod distuibonce, which has been absolved in some cases Wo must not 
infoi, howovoi, that tluue aie no suifaco wares noaioi tlio oiigm tluui the iwmts wo havo 
designated, on the oonliaiv, it is cvliouioly praboblo tliat suifare wbvcm will be stalled 
at all pails ol the Miifnco wrthm these dhlanoes when tho eaihci phases amve time, 
bulaathelatlei bavrimoioiapidl} than the foiinm, new xurfacowoixs will lie oiiginalcd 
in liont ol them anil will always load them m then passage around the woild It seems 
IMobablo that the legulai warn aie the leadeis or the mnfnco wares, liaice their 
importanco II tlieio aie ollicis which pieocdo them, they aie my mcgulai ami thou 
beginning docs not pioduoa a MifHcienlly dehiulc point on the Bcwmagmin to be gaunally 
locogmiablo 

Tho btiaightncss of the liodogioph oT the legulai waves thaws that the velocity ol 
propagation is uniform along the nic, and tluuetoie it is piuctically cci lour that llic waves 
tiavol along the suifaeo ol tho onith and we can npiily oui equation to detnunno the 
time of oriival nt any point on the xuiloeo when wo know its distance Horn tho oiigui 
Wo thus find 88 mnuitcs on the time noomaaiy to tiavol 180° to tlio antipode*. 


PIIOPVOinON ALONG WU MAJOR ACC 

Wo could hod, from the equation, the tnno ueeeesniy to roach an} station by tlio uinioi 
arr Thu would appl} only to tho legulai wave*, but other mirfaeo waves, moving with 
amalloi vdocitim, would take longer tinins to roach tlio station Waves of so many 
velocities occur that wo can not walk ouL tho hndogiapbh of them all, and wo do not 
know at what points they stait, but it is luobablo, as in the ca»o of tho logular waves, 
that they atait vmy noai the origin and that ihoir vdocity will bo given with a sufficient 
approximation by dividing tho distance of the station by the tame uloi val of then arrival 
aflei tho oocuiience of the shook With this method it is vmy caay to find tho tame 
inteival of the ainval ol wares having tho huno velocity by tho major are lot T repre¬ 
sent thia interval and t the interval by the minor are, lot d bo the distance m degreen hy 
the minor ere, then wo find, very simply, 

- atW-d (7* — Q _ 1(180° - </) 
d 2 " d 


do not contain the velocity explicitly, and apply to surface waves 


having any oonatant velocity The quantities 


800 —d_. 180—d 


arc conatantfoi caoh 


station, and we merely have tomulbply the fint by f,the tame interval of the surface waves 
by the nunor are, to obtain the interval after which the oaneapondizig waves would anrve 
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by the majoi aic, or ire may find the interval botwaon. the annuls of the wave* by the 
two loutas by mul tiplying the second quantity by 2 1 Thn piocess urn be earned out 
giaphicallv with ease foi teismogiainB having a hmall time srale, such as those of Milne 
pwiilnliiina Maik on the 'Cismagram ifig 30) the point o, tlie moment when tlie eni Ih- 
quake oceuirad at the focus, at any point, as for instance j/, meet a pci po nd iml a r 

1MQ J 

pV, equal m length to op? , diaw a stiaighl line os', and pioduce it, the 

i 

height pc ol this line aboie any point p of the sannoginni will lejaesent half the rntci- 
val aftei p, before the aimal of the auilaee waves by the mnjm aic, eoiiespondmg to 
those which, following the minoi aic, ate recorded at p It we mt hom a sheeL of paper 



KK, a ti iang)e dbc, such that ae equals 2 ah, and {dare the tusngle so that oe lies along the 
medial line ot the scnmcgiam, the point c will maik the place where the raojoi aie waves, 
conebpondmg to the minoi oio waves lecaided immediately undei the point wheie bo cuts 
os', will be lecaided, by tins deuce the whole scMnegiam can be examined m a few 
mmutea Ihh method must be modified to apply to teiamqgiBma with open time scales, 
and it then lequucs a vciy luge space, it is simpler, with auch seismograms, to calculate 
T dneotly, with a sbde-ndo, from the fiiaf expiesmon given above When we apply this 
graphical method to the Milne aenraqgiama wo find, in the zuajmity of oases, that tfaeie 
are marked swellings on thesaamogiam at the time the waves of the strong motion would 
aiuve by the mejoi arc The seismognuns of mataumenb with open tune scales yield 
much less definite insults, indeed, u the msjonty theie is noeaffioieiitly weUrmarked 
inciease m amplitude to mike one certain that the majoi an waves have pioduoed any 
eansihle effect 

The yield vaiious leeults, ae follows 

Honolulu —The swellings from 16 h 00“ to ltf 1 IP maik waves amviqg by the 
mejoi ere conespondmg to the shongest motion of the direct minor aic waves If the 
strong motum recoided at 14 k 30“ ■ due to surface waves, the corresponding major ere 
waves would appeal at M*, long after the recoid was over A small disturbance lasting 
for an hour is lepm ted about 4fi minutes after this tune If the movement mentioned is 
rally due to suifaoe waves arriving by the mm or ore, their velocity ol propagation would 
be about 1 km /sec, which b so extremely alow that weare led to dwoardthis explanation 
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SaKFanmdo —The strong gioup at 15* 43* » duo to major aie wavaB corresponding 
to the strongest put of the motion 

Kan — Mbjoi uc waves unve at 16* OP Upsala and Kobo show nothing 

Fa ashy —Majoi aio wavu would be expected at 111* OP Thoic aie many beads In 
this pait of the soumagiain, but none especially stiong Tha vory stiong smiling, 16 h 
IP to UP 22“, conesponda to minoi sic waves aniviug 4 muiutos after the end of the 
strongest molaon 

Bdinbuigh —Mbjoi arc waves at l(i h 08“ and 10 h 11“ 

Bideton —Msjoi aie waves fiom 16* 40“ to Id* 1 00“, but the earlier and equally 
stiong beads would concspond to much smollei duect waves 

Tokyo — Piofessm Oinou planes the sinvsl of the uiajoi aio waves at/, IP 81“ 
They would coneepond to the duect waves aiuving at 13*485“ 

Cantina —Majoi aie waves anive at 15*4P Tlie swelling at 15* 21™ ooiicsponds to 
the beginning of the long waves wluoh aio apparently not so stiong Theie is a slight 
uioicobB m mtensity at Gottugsn at 40“ and Ur 49“ The lattm n also apparent 
at Coimbia Theie is no evidence of maior sic waves at Jena 

Irkutsk —The major aio waves would bo exported at a point an the soismogiam oppo¬ 
site the last hour maik, but nothing appears 

T'lenna — Mbjoi sic waves aie due at 16 h 82 5“, but tho soiunagiam at this point 
does not diflui fiom tho pievious fiait of the lecord 

IfcHuipfen —The laigo bwoDinga befoie a and aftoi s' aio the major aio wavea corre¬ 
sponding to the two laigo swellings on each side of s, but the major aio waves due to tho 
laigo movoniant at 14 h 25“ aie not evident 

Bombay — Majoi aie waves should appear at the gap m the aoismogiam Tho strong 
swelling at 16* IP ooiicsponds to tho beginning ot tho long wavos, but it ■ so much 
stronger than tho locoid of the duect wavos that wo can not coindate them 

Batama —Nothing definite appeals at 16* 146“ and 16* 80“, when tho maior are 
wavos would be oxpccted 

Perth —Thoie aio bo many swellings that it ib not passublo to identify positively the 
majoi aie wavos Tho hugo swelling at I6 h 06 6“ oomsponds to the beginning of the 
long wavos at 14* 18 8“, but it is so much stiongoi than tho diroct wavos that wo oan not 
consider it lelated to than 

If we attempt to find the major aio wavos corresponding to the duoot waves which 
produoc the largest earth-amplitudes, ns they are given in table 10, page 188, sro find the 
evidonce of thoir existence entirely negative. Tlio timoB of ainval of tho diieot waves and 
thomajoi arc waves at sovarsl stations are oantelned m the following table 

Tina 15.—Tima tfAmael tfCemapeedag Miner and Meter An Wem 


■» 




• ■ 

■ 

Unala 

OfitUnon 

U 51 

IS 585 

is as 

15 55 


} 11 555 

11 50 

15 875 

Ywuia 

15 805 

Brink 

I 14 175 

1 14 MS 

15 1« 5 
15 55 


There are three stations situated prsetually an the same great obele passing thru the 
ongm Coimbra (814°), San Psreando (888"), and Wellington (26&4 0 ), and thqy all 
have pan^nlnm* The major are waves which amve at Wellington at VP 88 “ 
eaure the latter pert of the steoug mothm at Gannfana at VPST* They should appear at 
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Han ffainanrin at 13* BBT, and piobaUy ue indicated by the ationg motion a minute 
eailicr, tho major uo waves ai living at Wellington at IS* 52^ appeal at Coimbra at 
14^ oi“ ( and eauu the ataong motion at San Ebmando at 14 h W“ The dnect wavee 
at Wellington at 14 h 07“ and 14 h 128“ aie due at San Fernando at lfi* 41“ and 
16 h 50“ and aie undoubtedly lepneeentod by tbeebang swelling about 16 h 43“, they aie 
flu* at Uoimlua at 16* 43“ and ltf 1 53“, these aie weak paita of the cuive, but piob- 
ably the bwdbngB a lew minutu eailici than the* bane lepieeent the waveb we 
aie oonsideiing 

We wwmt conclude, liom the foiegoing survey, that altho the stiong motion ainvmg fagr 
the majoi aie makes itself evident at some stations, perhaps an account of sjnchionran 
ot its peiiod and that of the lecoidmg uibtiument, at other btations it eon not be detected 
The email time scale at the Milne easmogiains i* much bettm adapted for idenbtymg the 
major aie waves than the open time vcale ot othei inatnimente 

EQUALITY OF VELOCITIES ALOTO DDIUBT PATHS 

As aheady pointed out, oil the distant stations had mahuinenV) of low magnifying 
power and appoiently weie too late by venous amounte m lecoidmg tho bhock, so we 
most confine oui attention to btations leas than 100° distant Onoompaiing the bines ot 
aim el of the vauous phases (given in table 7, page 116) at atabon- neatly equally distant, 
we can not find any difieienoeb, gieater than the onois of obseiration, which might be 
dependent upon the duection of the station fiom tho augm, end this applies to all thieo 
phases of tho motion Thus, Honolulu leceivea the second piehinuuuy ticmois a little 
eoilici than tho obseivatione at stations in the ceet of North Ameuea would lead us to 
expeot (jm h«rfngiaph f plate 2), but tho flist pieliminaiy tiemoib auive at the erpoclcd 
*im ff The paths to Honolulu end the* stations aie totally ditfoient, the fust being undei 
the Paciflo and the othei across tho continent of North Ameiica, ae shown in plate 1 

The Japsneso, on the one hand, and the Bub&h and Scandinavian statianb, on the othei, 
ere about equally distant ham tho oiigin, the path to the foimer lies under the deep 
Pacific, to the latter across North America, Greenland, and undei the shallow Noith 

Sea, butwedonotfindagiaaterdifTeienoe between the tunes of amval at the&e two groups 
of statues than wo do between the individual stations of tho same gioup 

Iikutak and Juijew am at pnactically the seme distance horn the oiigin, the path to 
hkutsk passes undei the Pacific, across Alaska and northeastern A«u, the path to Juijew 
mosses Noith Ainotica and (heenland and contmues undei the Noith Sea, yet the times 
of amval at the two stations oie within army few seconds of each other 

We conclude, theretoie. that the velocity af psopagetian u independent of tho position 
of the pi ejection ot the path on the eaith's surface, or, at least, is too little affected by it 
to bo detected by our obsei vutions 

GOHPAEIBOE OF THE HODOORAPHS OF THE CAUFOUIA EARTHQUAKE WITH 
OTHER OOSERVATIOn 

Whan we compare the hodogiapha obtained fiom the California eaithquake with those 
given by Piofesear Milne in 1002 1 end with thae of Professor Oldham, 1000,* we find that 
our timee of amval ot the fiist and seoond preliminary tremors are, for the greater pait of 
the out res, about 3 minutes eaiher Thu appears to be doe to lade of accuracy m tho 
eariim observations, and a glance at the earlier diagrams will ahow that tho cuives era 
drown fiom obeervatume differing greatly among themselves 

1 Report Sm Com BAA 8, 1001 

Oo^the Bw yej ynm of Thrtnqmta Motion to Gnat n ^— Phil Anas R &, 1000-1001, 
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The hodogioph of tha "laige waves" or Fiofemor Milne in tho eailiei observations does 
not roiei to tho uma suitaco hath a*> thorn winch me line tabnlalod as regular hums, 
but to the tunc of maximum displacements on the Bonmogiams The position of the maxi¬ 
mum is ray hugely dependent upon tho piopei poiiod of tho loooiding pondulum, and 
the uistiumcnts whose locoida we have ot the California oaithquako diffoied ao gioatly 
m this inspect that it h not partible to identity as a maximum any oharaoloiietie put of 
tho dutui banco, except foi alimilod nuinboi ot seunqgiauiB 
In his vmy mtoioBting memoub on tho propagation ol oailhquako motion, Pi of O B 
Brno gives hodogiaphs of the two Colobiinn oulhquakob of Soptembor 8, 1006, and 
October 23, 1007 The fomior waa a uieie oaithquako and wa* locmdod all ovci tho 
woild The latter whs muchsmallm and baUbfaotoiy obsei valions woio only obtained up 
to (balances ot aboul 22° Tho hodogiaphs of tho Hint and ucoud pichminaiy ticmois 
agioo vmy well with iny cuivca, except about 20° and in the immedialo neighborhood ol 
the oiigin, wheie Piofcssw Run has made hu euive naves, upwaid to lepiosont the 
assumed changes in suitace velocity, and he haa incasuied hu tunas fiam the estimated 
time of unval of the distm banco at Iho cpicentoi, wlimeas I have maaauicd tune tiara the 
actual fame of ocouuanre of the shook at the focus, and have assumed the \ clooity of 
72lon pci Booond foi shoit distances horn it 
Profceuor Oman, m hn vmy complelo account of lliosoiamogiaph locoida of Lhe Kangm 
eartliquako of Apiil 4, 1006/ guea tho liodogiaphs of the fust and socond piehminaiy 
ticmoib uid a latm phase of the piiruupal pait, the latter, howovci, does not coirespond 
to tho icgulai warm whiah I have lccoidcd Tho liodogiapli<i ot tho fiibt two phases 
ooiie&poud lauly well with those of tho Caliloima eai Uiquako 1 up to distances of about 60° 
fm the firnt pidnninaiy tiomorsand00°foi tho booond pibliminwy liumors, but beyond 
they divoigo giaatly It u lathei cunoua that tho obecivntiom of tho Indian oarthquake 
uo moat numoioua botween 87° and (10°, in which intoival thoio is but one obsuvation of 
the California eai Uiquako, whoreas, between 70° and 100°, whrno tlio gicat luajouty 
of thoobaorvalionsof theChlifbiniacaitluiiinkolio,thoicaic but foui vmy unsabslnctoty 
obsoivalions of the Indian oaithquako Tho cause of tho duagioemout between the 
obsmvalians at tho giaalai distances is vmy evuloul All the obsmvabona ot tho Indian 
caithquakos at distances gieatm than 00° aronudo with inatiumcnls of vmy low magnify¬ 
ing powm, and it u haidly poxuUo that tho tiuo bqgianlng ot tho dutuiUnnao haa boon 
leoonlod. With lcgudto the second piclnninaiy tremois it u a quantum of tho Intmpie- 
tetum of the heumogiams Of tho four obamvaboiiB which Protteaoi Omoii usoe boyond 
60° thioo aie from BoschrOmmi 10 lqg untiumcnta, and I think it quito Impaamlilo ham. 
an oxaniination of then seismograms to dotcrmlno wlune tho second piohimnary troman 
leelly began The olhrn lecoid, at Wellington, was made by a Mllno pendulum, and the 
tune I taka to nuik tho arrival of the socond piahmuuuy tiomoiB u noaily 10 minutes 
oaiher than that taken by Pkofom Omen, and u between 2 and 3 minutes later than my 
crave would lead ua to expect Tha roomd at Ghnatohuioh, 0 7° nooicr the oiigin, is 2.6 
mumtes earlier The Milne cenmognma horn Victoria, Toronto, Baltimore, and Chnat- 
churoh (from 07 7° to 116°) aie not used by Fiofcaam Omari In making hie hodogiaph of 
tho second preliminary tremors, tho he leproduoes them among Ms plateB As I read 
them, the times of anival of the aeoond preliminary tremoi an m fur agreement with 
my moves and are ftom 8 to 12 minutes earlier than the timaa adopted by Profcnar 
Omon for aundar distances Be m thus led to nearly linear hodographe of the first and 
second pnhnunaiy tremoie, and oonaequently to a linear relation between the dwtanoe 
nf an neirthqiiakn tmgm end the durafaim trf the Hit pidiiii l "s i r tremare 

tat hdjn bittaqaiti«(lMH, Pub. BlUiqnilw InvBaUqaUoa Oamnltt— la 

i ■£ glim t Inn nlnmline nhlunrul fmm tha fkHUnnus mrthqinlra In flu unn mmrt, 
but he hu tekiu tha tana of tha rimek t half mtamta tan eeriy 
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T abu 16 — Iubnala (11 miHif •) jbr Hna Carliqualea 
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In table 10 have been collected the lianunurai mtorvabi in minuter foi the farnt and 
bocand piebimmuy ticmoiB of the Indian euthquake of Apiil 4, 1005, the (Jalnhuan 
earthquake of Septembei 8,1905, and the Gahfoinia —.ldupialM of Apiil IS, 1006 The 
data foi thclndiannitlujaake an token ham plates in and it otPrahhbOt Oman’s report, 
that of the Calnbiian earthquake Eiom table 2 of Pi of a*or Ruio's fuel memoir, 1 and that 
ot the California earthquake fiom table 11, page 120 of thu repoit A veiy does 
agteemeot ornate up to 80° foi the filet pieliminaiy UotnoiB and up to 70° foi the aooond 
pidumnai} tiemma, with the exception of the uiteival at 20°, and we may'accept the 
aveiagn given ns lepinenting to a vay fan degioe of accuracy the time intervals 
necessoiy to tiavd the coiieapcnding distance* Tie foui intervals marked aie from 
Piofrasoi Rinds second memmi 1 end refer to the Calabrian oaithquaks of October 
28, 1007, they eie a little Bhortei, and I thmk a little moie aocuiate, then the 
couaaponding intervals far the eeiller earthquake 


HBEE8UIIAXK» Of THX DMT ARCS OV THE aUfflf OT AM EARTHQUAKE 

Piofcnor Milne m 1808* showed that the dnAnee of an owflignihi horn tho roomding 
station eould he dctcimmsd hy the mterral of time between tho tu ynnin g of the distuib- 
anoe and the anival of tho large waves, and ha drew a pidimineiy ourvo to lopioeont this 
lelation In 1902 1 hegavemoio aocuiate icaulta baaed on more abundant data Pio- 
fceeor Oman hn followed up this subject and haa drawn cmvm and given equations to 
determine the distance of the origin from the duration of the first pidiminaiytiomon and 
from the intci vsl between the first ptdmunaiy taenuuB and the long waves’ Hisida- 
tiona aie lineal, ono equation beuig given foi neei origins and a Beoond foi *■*■*<■- rmgina 
In fig 31 curves aie diawn which aie taken dueotly fiam the hodogiaphs in plate 2 and 
ahow the interval elapsing betwoen the tint mid second piebminary tromora, botween the 
first prdmuneiy tiemon andicgulai waves, and between tfwwwini i p uJimmiy fa «mn— 
and regular wavai Thoee three curves aio of course not independent, any one of them 
could be deduced dueotly fiam the other two By moans of them a typical aeumogmm 
Will give two independent detamu infamw nf thn Arimwi nf an myttiqiialm origin These 

1 Enovo Obntnbato alio Btiuho ddla Propomdoiu dai Kovenunb *—«*■ 4cad 1 d Boluse dl 
Tonao, 1007-1B08, vol uv, p 415 

1 RiBa VrioafA di PrapHwme della Oado Swabs, Aasd R d “i—irn fll Tnnnn. HUM HIM, ml 

LXTB ^ 

■ReportBn Com BAA 8, 1888 
*BuM|1B0> 
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ouives have a eoitain advantage ovei 
most aimilnr cuivos hoictotoie given 
because the time and oiigin of the 
Calitoinia enithqunke aie known to a 
Inglici dcgicc ot acouiacy and because 
nioio and bottci lnatiumcuts liaso le- 
coidcd this sliock than wcic in use in 
enihei timos Ncvorthehre, thov aic 
hoe-hand cuivca, and the obbeivntions 
not pci fool Iy concoidant, both of 
which facts lcduco then accuiacy 
Haioovci, the duration of tho hibt 
piehminuy ticnioia mcicases voiy 
slowly with tho distance fiom the 
oiigin, which makes tho doteiimnation 
ot tho distanco by means of the in- 
toival lathor maccuiate It will be 
seen that the lines bio not bliaight, 
allho then ouivatuics are not voiy 
gioat The inicnal betwcon the hist 
anil second pidhnunaiy tionunn aio 
given fiom tho oiigiu, because both 
these phases apparently begin there, 
but the ruives dependent upon the 
icgular wavos atait about 10° fiom 
the oiigm, the Gist obseivation wo 
liavo of the lagulai eases is at a ilis- 
toneo of about 20°, and the puts of 
Ihceuivos noun tho oiigin are drawn 
on the supposition that tho hodogioph 
ot the reguku waves continues as a 
straight lino to within 10° or so of 
the oiigm 

The time of the oeeuiranco of the 
shock, and thoiofoic the early put ol 
tho hodogiaphs, is based on tho as¬ 
sumption that the velocity of tho fiiat 
pielumnuy tiemots is 72 km /boo 
noar tho oiigin, and that of tho second 
pielumnuy licnuns m the same region, 
4 8 km /see These values fit vay 
well into the general ouives of the 
hodogiaphs, bat that would alao be 
tiue of values differing 10 or 16 per 
oent fiom thorn, but it would hardly 
be tiuo fin values ddfeimg more than 
■ Him 

The duiation of tho fiiat preliminary 
tiemore does not depend upon these 
values, but upon the Hoard at Mount 
Hamilton, where it wee 0 


DURATION 



MINUTES 



1M RZPOBT or TBS CALITOBNIA EARTHQUAKE COMMISSION 

Mount HaimHan n about 128 km from the oiigm, and it we aasume that foi clh.tan^ 
of a few bundled Uometanthe duration of the fiist pehminai} tiunois ie proportional 
to the distance which the approximate ebaightnoBB of tho hodogiaphb of the fn*t two 
phases neai the oiigm indieatee, we find the following relation between the distance d 
and the dmation t of the Hist peknimaiy tiemoi 

d (km) —14 2 ((sec ) 

Ab the powbon of the ongin la not known neater than SO hm the number in the Becond 
member may lie anywhere between 12 and 1(L2 



PERIODS AND AlPUTDOES. 


The study ot die seumogioms lovcals tho prniodb ot the vibiaiioni in diflcicnl path of 
the djstuibance as leeoided at a numbei of stations The actual similitude of tho caibh 
mo\ozncnt can only be deteimined by a oalculalion which dopandi upon the peiiod of tho 
waveB, the petiod of the pendulum, and the constant* of tho liibtiumcnts The calculation 
is made in aocmdanco with tho foimulas, equations 7Boi 81,pagolOB In many oesob the 
peiiod ol the pendulum u the seme ae that of the situation and then, il thoio n not voiy 
stiong Hnmpingj the magnifying poser become^ indefinitely laige and is undoleimmablc, 
this is the condition at many stations ahoie huge movemontB aie locoidcd by the sou*- 
mogmphb, but it has been passible, m a numbei of orsh, to doloimino loughly the tiuo 
movement of the pound The amplitudes un tho two components at light angles, to each 
othei do not always teach thoir maxima at the <uzne tune, it Bometunm happona that tho 
movement is alternately stiong on one component and the oUuu This was tho case 
at Poito Bico, Upsala, and Pavia Even when the maxima oooui on tho two components 
at the —"m* time, one doeb not always got the tiue amplitude of tho earth's motum by 
talcing the square root of tho sum of the squares of tho two oompononta, foi the dideienoo 
of phase has on mduonce, but this b Uio only mothod we can use, and tho quantities 
given m the oolumn headed "Foss total" in table 10 wore obtained in this way 


The vibrations during the first prehimnaiy tiomois fiequsnfly have pmlode In tho 
noighboihood of 5 seconds, othoa ponods wno also picsont, but «no not so poiaistont 
At Jui jew the penod duiiug die fiist piolinunarv tromoi* was SO to 80 sooonds II Beams 
as the dime were many periods piewnt and that tho peiiod which wm oIohq to that of tho 
luatiumont wassinglod out and made piominont AL Sitka a poiiod of about 17 soeonda 
was shown 

Dunug tho second preliminary tramms yibiabooB of yanoua poiiods wno also present, 
but which bad Uio largest amplitude eocm to bo about 15,80, and 28 aoconde 
Tabu 17 — Ptrudi and Amphtnd— during Uim Pnlumnaty TYomn 
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REPORT OP THIS CALIFORNIA EARTHQUAKE COMMD3&ION 


The BmpIitudeB leomded are vary small and bib not veiy regulai The ncaicst point 
where a detei mutation could be made for the fii at pehmraaiy tremors was Sitka, and Lheie 
the eaith-amplitudo was juat under 0 fi nun At Ottawa it had alieadv diminished \eiy 
greatly, bemg about ano-hundiedth an much foi both components Theso valueb aic 
aomewhat uncertain, aa the peiioda wore veiy near those of the pendulums Table 17 
shorn the amplitude at a nuinlioi of stations, in general they lie between 0 002 min 
and 0 02 mm The leaaon for (he absence ot a piqgrebuve diminution is not at all clear 
It don nut seem to be sufficiently accounted for liy differences in the foundation It is 
possible that the di*coi dance may be laigcly due to inaocuiacy in the constants ot the 
instruments, especially the ouiMfon of the solid fi iction, and also, pansiU), to the 
application of die fbimula to paits of the lucoid where the movemont has not been 
sufficiently legular 1m the fbimula to apply acruiately 
During the second puliminaiy tiemois there n a veiy laigo moteaso in the amplitude, to 
about 10 trniea that ot the that piehminaiy tiemois, we find the same kind of nirgulairty 
in the amplitudes at sueceuve station but we do not find the piopoition betweon the 
amplitudes of the fust and second piehmmaiy tiemata constant, at Leipiig, Iho amplitude 
or the Becond pidiminaiy tiemora waa 10 tunes that of the Hint preliminary tiemois, 
whneaa at Jena It was 20 bines as great This piobaUy indicates a lack ot accuracy in 
the datenninatum of caith-omplitudes 


MBM THE REGULAR WAVES AND THE PRDKRPAL PART. 

In (As magamamc dubnet —Thetempaiaay natme of the situation* makes il im[HH- 
aiUe to get aatntaetoiy meaeurea ot the amplitudes, unless a peimanent recoid of some 
kind is made There aie, fbitunately, a few suohiccoidswhioh enable us to foimaiough 
eoneoption of the amount of the movement 

PioTomboi Oman, guided apparently by the damage done, eatimatcb that, on the fillcd-up 
grounds of San FkancMo, the amplitude of the vibiation wee 80 mm f2 inches), and the 
penodlBeoond 1 Tha distance from the bull was about 14 Ion 

On the look at Berkeley Obseivatoiy idialont 30 km ) the vertical component of tho 
amphtuda waa 23 mm (1 inch), and the hoiixantal component, acooidmg to tho Ewing 
dupkrc pendulum, more than 11 mm 

At Hare Island (distant 40 km) Pi ofearn Bae nsl imated thr jicmwimt *! nm pliindn in tlin 
soft made gtound at 60 to 78 mm foom tho displacement of loose dirt about piles which 
auppmted buildings (vol i, p 212) 

At a number of stations in tho mogaaeunmc district, given in table 18, which were pio- 
vided with eunple instnimenta, the amplitude of the movement was greata than llm 
matiomenta oould leroid, that is, m genoial, was greater dmn 10 mm , and it u piob- 
able that it was severe] times greater 


Tabu U — liyluei m Ik ■ VyuniNi Dufriri 
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At Mount Hamilton (110° or ISO km ham Iho oiigrn and 35 km from the fault) the 
3 component Ewing ustiument indicatod amplitude, both in Iho noith*»uth and 
eut-webt du cations, gtcaloi than 40 mm 

At Coioon City (2 02° oi 201 km) the hoiiaontal ninplitude wife nbout 11 nun. in nil 
direct tona 

Beyond Ike meqaamaunt ditdntl —We hair collected in table 10 Iho peuods and the 
gieateaL eaith-nnipliLudos at all the stationa foi which we have sufficient data to doloi- 
minc theso quantities In a few easob they aio taken dneclly fioin published reports 
At many station* thcio was ao close a coiirspondcuco between the peiiod of tlic vibia- 
tiona and that ol the pendulum duimg the veiy ationg motion that it was impossible to 
mako any deteiminabon of tlie cftith-amphUidc 

It will be acen that the pcnodi of vibiation duimg the tegular wnvo> weio, m genetal, 
not vciy fai fiom 30 booandb, tho in n few cbboi they were 10 oi 12 bocondn loss, and in 
a few 10 oi 20 acconda mmc Duung Iho pnnoipal pait tho periods weio pi inn pally 
between 17 and 25 secanda 

Whme we have deteiminatione of tho caith-amphLude during both tho legulm waica 
and piincipal put at the aanie station, tho loimu bcema to be aoniewhat tho Lugei, allho 
tho matiumental iccoid an the uounogiom u almost always lugei duung the piincipal 
paiL This u duo to tho va nations in the magnilying power ol the mstiumcnt on account 
of diffaenoc in pcuoda 

Altho the amplitudes do not dimmish lrgululy with the distance limn the oi igui, nevei- 
tholes with tho exception of a few abnoi nud \ allies, which uo noL undeiblood, Ihoie w in 
gcneial a ieduction of amphtudo with the dwluico In tlic incgasoismic icgion wo found 
that there amplitudes wuo 50 mm oi inoie, at distances ot 30° to 50° they have dimin¬ 
ished to about 5 mm, and wo muat go as fu aa 100° or ao to find amplitude*! lm than 
1 mm We aoe, thmcfoic, that tho gtcol worid-ahakiug euUiquakcx cause movements 
of tho euth at groat distances which are no nimm mconmdaialilp, and the only icanon 
why they uo not ldt is that tho pouoil la very long, and, thoicfoie, tho movement too 
slow to mako them avidcnt to out aeiun 

In attempting to dolnmino the doplh of the fault (page 13) we wise led to assume 
that tho anmgy i* sont out fioin the fault-pluic propoi bonnily to tho cosine or the angle 
between tho ducation of propagation and the normal Allho lids will probably hold 
appraumatoly in Iho uoighboihood or the fault, it docs not hedd at a distuieu, whore (ho 
dutnbutum of the onngy, m fu ca wo eon tell from tho altogether unmlibfartmy detoi- 
mmabons that could be nuulo, is ontuely indopondont of Iho duection limn Ihc ougm 
For instance, Sitka and Taoubaya, whore directions mako angles 10° cud 29°, i capccln dy, 
with the diroetum of Iho fault, have apparently matiumental amplitudes similar to thoco 
of Iho stations in tho eastern part of Ninth America, whore du return fa neatly at light 
angles to the fault-plane Filu, Argentina, and tho Capo oT Good Hope, whore duootions 
make angles of 12° and 51° with the fault, gavo veiy small looords, whcioas Mauittius 
(poorly 35°) gave a much larger leeord Calcutta, Kbdukanal, and Bombay (5° to 15°) 
afao gave mnoh larger recortfa 

In looking over the table of oorth-amplitudei, to compare the icaulta between statums 
at about the same ditanrea from the ougm, but m different ducetions, we find tho 
lrregulantieB re great that no satisfactory canduswinw eon be drown We notice, how¬ 
ever, that ZHca-wei had about the same amplitude dumg the pnnapal part aa Cario- 
forte and Suajevo, and that tho amplitudes at Sofia, Catania, and Mknila do not differ 
greatly during the regular waves, but there campansons carry very little conviction with 
them, because of tho great variations between the amplitudes at various European star 
tuna, which do not differ greatly m their dwtanore bom the foous nor u thmr dneetmna 
bom it. 
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K.Y&NETOGRAPfi HECORDS. 


Several magnetogiapbB at etobom not vciy distant fiam the aiigin lccordod tho 
■honk Tbete have been examined by Dr L A Bauoi, 1 who finds that the timo of div- 
tuibanoc on the megnetognph oomnpands to the tune of uuval ol the piuuipal put, and 
conclude*, thaiafore, that tho effect is entirely medianicd and not magnetic The follow- 
mg show* the tone of the magnetogiaph reooida and the tune of aiuval of the 
tegular wavee, aocording to Di Boner 
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It will be aeon that tho magnetogtaphe lcconled only duiing tho time of tho strong 
motion, whieh eonvueaa us that they aetod mechanically like seismographs, for if they 
had been affected by a msgnotio diatui banco duo to tho eaithquake, the affect would 
have beon podueed long before the aiiival of tho slow suifare waves, indeed, bofmc 
the ainval of any elastic waves m the mass of tho earth The maximum disturbance 
of the Toronto deohnation noodlo oocmred at IS' 83 0", and the maximum lecoided by 
tho cemmogram at BP 88 8" 

Baldwm, Kansas Qal 88° 47* N, long 06° 10* W), is the only one of thoao stations 
that did not have a soismogiaph, and the magnetogiaph roaoid began about lfi minutes 
aftei the regular waves must have readied there seconding to tho hodogiaph Bung In 
the middle of the United States, far fiom any setsmographio station, an acourate record 
at Baldwm would have beon valuable, but the time scales of magnotographs sio too 
■mall to yield dose tune values, and they do not, m general, record before the strong 
motion The Baldwmrooord is therefaro only valuable m so far that it does not contradiot 
the results obtained foam regular seismographs, and we can not hope that magnotograph 
records m the future will, m general, be important additions to the records of smsmo- 
gnpb 
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I1GNKT0GRAPII BE00RD8. 


Seveial magnotagiaphs at stations not veiy distant fiom (he origin icooidod tho 
shock The*o have been examined fay Dr L A fiauci, 1 who finds that tlie tamo of die- 
tuibanco an the nugnetagiaph aoiiesponds to the tune of airival of the punuipal pail, and 
concludes, therafoiei that tho eftoct u onliroly moohamcal and not niagnotio Tho follow¬ 
ing table shows the time of the magnetogiaph lecords and the time of aiiival of the 
tegular waves, aeooiding to Di Bauei 


Tabu 10 — rima ^ Uagiutaqrapk Rwcnnl* 
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218 
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"Id 245 

ITnnolulu 
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■Id 28 8 

Choi tui bun 
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18 SO 

IS dO 

Folio Rico 

Sd 1 

Nolioooidcd 
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It will be seen that the magnotogiaphs recorded only duung the time of (he strong 
motion, which ooztvmcos ns that they acted mechanically like salsmogiaphs, for if they 
had boon affected fay a magnetic disturbance duo to the caithquake, the effort would 
have boon pioducod long bofoie the oinval of tho alow suifaco waves, indood, boforo 
tho aiiival of any elastic waves in tho mass of tho oaith The mavunum dlstuibanoo 
of the Toronto decimation noodlo ooourrod at IS' 88 0", and tho maximum looardod by 
the soiBinogmm at 18* 33 8" 

Baldwm, Kansas (lat 88° 4T N, long 06° Iff W), is the only one of them Btatume 
that did not have a sotsmogiaph, and tho inagnotogmph loooid began about 15 minutos 
after tho regular waves must havo inachod thoio to tho hodograph Bolng In 

the middle of the United States, far bom any sasmographio station, an aocurato reoad 
at Baldwm would have beon vahiaUo, but tho time soalos of magnetographs «n» tnn 
small to yield dose tune values; and they do not, In general, record before 
motion The Bsldwin roooid is therefore only vahiafalo moo for that It does not 
the results obtained from regular seumagraphs, and we can not hope that mag 
records m the future will, m general, be important additions to the records 
gniAs 
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Damped uufnunsH/t —Of the uhtiuments which were damped the majouty wwe 
not damped enough Theie aie two giant advantages in etiong rfiu n pmg The poo- 
dulum has a moie umloini magnifying powoi foi waves ot diHacol poiiods, and it talon 
up tho tiuo movement mote quickly Tho oui\o» in fig 17 bhow Liu vaiiationa in ning- 
nitying poneis toi diHacnt poiiods and toi diftoiual dagiecs ot damping \Vheio the 
damping i* insufficient them is a distoiUon ot the locoid, u> m the earn ot undampod in- 
atiumonts, but to a less dcgiuo It will bo noticed that when Llu. dumping labo is B 1 
the magnifying pan ei in neoily constant toi all pciiodibhoilpi then that of tho ponduliun 
llbdr. Foi longoi vibration poiiods the magnify mg powci giadunlly dimmithe*, but not 
excessively When the vibiaLun pound is twice as long as that of tho pendulum tho 
magnifying powci is about 0 8 as pool as it could lie foi on undamped pendulum, and 
for poiiods longei still the magnify ing powci becomes moie noaily equal to that of an 
undamped instiuniont 

With the damping latio montionod the fioc movemont ot tho pendulum dice out voiy 
lapidly It the pendulum ia displaced 64 min and allowed to swing lieoly ite amplitude 
will die down to 1 mm alta one whole uluation Tlutdoio Uu boo movement of tho 
pendulum will always dbnppcu Lapidly, and it will ivooid pi oily closely tho tiui move¬ 
ment ol llu giound Fniioc Galitsin advooatob “ dead-beat M untiumonts, whcic the 
damping i& in the piopoition 8 1 Under thb heavy damping lu Iuim shown by cxpni- 
ment that the fico movement dnapponis immediately and tho pendulum follow* vny 
oloacly the moicmonL of the giound, but tho cuive ui hg 47 bluw& that the mogiulyiiig 
powci is not ooDstanl, but vanes continuously foi diflctcul fieiuds, and thcicfmc a cal¬ 
culation must always be made bofoic we can compote tho relative amplitudes m difTotouL 
puts of (ho loooid It seems to me thmofoio tliat tho most advisablo dainjung latio 
is 8 1 

Paiod qf the pendulum — If tho vibialuns have a much longoi pcuod than tlu pen¬ 
dulum, the magnifying powoi of the lnstiuincnl u gioatly loducod The advantage of 
long poiudn in undamped pondulums is that tliqy hold up tho magnifying powci lot long- 
pmiod waves Foi waves of voiy shell poiud theie is no advantage in giving a long 
period to the pendulum Foi instance^ otliei tilings being equal, a pendulum with a 
poiiod of 10 seconds and ano with a poiud of 00 Boeonda would lia\ o ptactually tho same 
magnifying power foi waves whore poiiod was 1 aecond 

We have scon that whan tho instiumcul u damped m tlu latu of 8 1 llu magnifying 
power vaiias little for poiiods up to that of the pendulum; and, thcrafuo, tho longoi the 
lattu tho gicatei tho tango ovoi wluoh the magnifying pawn will In practically constant 
A pendulum whore penod is 80 seconds and which w damped m this iatu will givo a vory 
conoct record of the relative amplitudes in all parts of tluaaumogmm, for waves having 
a longer period than this aie not vmy ficquont 

Magmfyuig povm far abort panada —Among the lnstiumcnLs whuh icooidcd tho 
Cahfomia oaithquaLc magnifying pawns for very shoit pouoda of 2 m 8, 0 or 7,10,16, 
25,100, and mare, ue found The mojoiity of thore with low magnifying powen gave 
unsatisfactory deteiminatums of tho hqpnnmg ot the shook, oven at stations less than 
60° distant, and foi graata distanoes than this the beginning mgcneial was not recorded 
at all We have here unahlo to detonmne tho time of tho arrival of the hqg 111111 ^ of the 
shook at the very distant stations, aa they ue all provided with low ™ff"ifymg instru¬ 
ments Thu is mast unfortunate, for it is true not only in the case of the California eu th- 
quake but of oil other shocks whore times and origins are aoouiately known; and there¬ 
fore our knowledge of the vdoeriy of propagatun to very gnat distances is still quite 
vague To get utufaetwy records of euthquakes at distances more than 100° it u 
ruocsaaiy to have instruments with magnifying powers of at least 100 
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Am scab — A gieat vaiiety of tima scales wane used, from 1 mm to lira minute, or 
even leas, up to 15 mm to the minute, and m one case, at Gottingen, the scale woe 00 nun 
to the minute The advantage of the open time Beale ia that individual vibiatiom aie 
lecoided, ranking it poebible to deleunma then peuod and the magnifying powei of the 
instrument for them, and the ehaiaeteiisbm of the motion ean be -seen This can not 
be dona on senmogiamB with small time aealfiB On the atha hand, when the movement 
begins very gently it ia extiemcly difficult, on the open time scale, to detoiminc u heie the 
slight waves m the line begin, but they would appeal much mate dually on mtmogiams 
with small time scales Wheievei the magnifying powei n suffieiently gieat theie is no 
diffieulty m dsteimming the time of tho beginning, snd the advantage of a Lime scale of 
10 a 15 mm to the minute, in peimrttmg the pmiod of the vibiation to be rlcteimined, 
a vay gieat 

Idmlifioalion Ae phatat on the mumogtoM —The wssmograma made by diffetont 
msbuments differ gioady among themolvee, and it n veiy often cxtiomcly diffleultto 
decide exactly whete a paitaerilai phase begins Whose the magnifying pawn is eufh- 
ciently laige thia difflonlty is not seiioua foi tho But and sceond pieliminaiy tiemois, 
but it often fa fm the regular warn and the subsequent phases Whcie tho magnifying 
powei ■ email thme ■ groat difficulty m deciding upon -die tune of tho beginning of the 
that pieliminaiy bemoie It ia thcrefoie of voiy gieat importance, in studying the 
propagation of an earthquake dwtanbanc^ to have copies ot the aewmogiams themselves, 
and not mnefy the loooided tnuea as doteniuned by the dnectois in ehaige of the 
mabumeuta Eoi without doubt, different persona examining single snsmogiaina, with¬ 
out oompaiiaon with othoia, would frequently take difteient parte of the movement to 
rapieaent the beginning of a bwiinr phase 
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nrraoDncrioH. 

In die early development of seismogiaplN the attempt wot nude Lo pioduoo a "steady 
point", that is, a ixnnt that will lenuun at icsl wlun the oailh u> sot in motion by an 
euthquaLo It Ikon the ldalivc motion ot the "bloody point" and llio eulh note 
leooidod, we should have lire aotmil movcmonL of the earth Tlio “steady point" must 
be buppoiled aguiibL giaviU, and Iheieloio ell hcismogiaplis must consult ol a support 
conneotod with llio oaitli and moving widi it, anil a inass, held up by Lho buppoi l in 
buoh a mannoi that it will paitako as slightly as possihlo ot the luttei's niovomonta, 
let lb coll this ixnlion the "pendulum " Wo must also have a motliod ol loconbng the 
motion of the pendulumidLitive to thosuppaiL It lho pendulum winoevaelly innoutial 
oquilibiiuni fot an}' movement ol the suppoiL, wo slrould have a truly "Bloody point," 
but thin ouu not he lcnlired, a mnwmont of Lho support excite Ioiqoh on the pendulum 
whioh aot it in motion, and tin* problem tluuofoio piosents iLnulf to doloiminc Hie aolual 
mo\cmcnl of Um buppoil hum the ninvemuiit of tho pcmlulum ldalivelo tlrr Buiiporl 
The only possiUo wny to do tins is to analyse llus lolalrvo muvuiueut, and Uuu tho 
laws of mochamos nolle out dm movouioul ot die suppoit We rnubt tlioicloio develop 
lho mechanical thorny of tho mbliumcnt 

lilt us fiisl nolo that ell movements can bo broken up into a duqilaaomonL and a 
lotation, and tboso can bo icsohod uilo threo cnmponcnL dinplaooinouLs paiaUd lo duuo 
axeb at light angloa to caoli othoi, ami throe intaliuns ainund theso axon, and Ihoioloic 
lho instruments most In made lo rcroid the thieo dlspbiooiiienls and the Unco lulalioua 
in older completely lo doleimmo dm movement We shall seo LhaL umbumonle liave 
not been mado which will bo only aOueled by ono onm]mnent ol lho inoUou, but m many 
eases the other aampanonls may bo lolakvoly m unimportant that they may bo noglonUxl, 
01 by moans of bovcibI imtiumcule, wo can, by oluiiinalum, dolaimino lho oevoiol eom- 
pononta Eailhquako dislurbiuiooi aio propogalod ns olaslio wevoh of oompreanon oi 
distortion, and even at a vciy short distanco Liom tho oilgin, lho mavementB of Uio eai Lh- 
parliolee aic lnlnalmiis abont tlicu positions of oqudilnium Burfaco-wavus also oust, 
in the propagation of which gravity does not play a part. 

In the immediate noighlxnhood of Bovera earthquakes the vibratory displacements 
raa}'bo moasuiod by contimotcrs, but at a distanco of 1,000 km 01 moro lho displacements 
aie of the order of millimetois, a displaaomont of 6 mm. being a veiy kugp ono, and 
tbo honiontal and vertical displacements aic of the bbido gonoi at order. Up to tho piesent 
our mbtruments have not separated lho linear displacements horn the rotations, but we 
can osloulate what the lotations should be with given linear displacements, ss follows 

SOTAHOH 8 MB TO BABXB WAVES. 

lot us first take the esse of a simple harmonic wave when the movement of the par- 
tides is tisnsvsne to tho dimetum of propagation; the equation is 


US 
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wheie 

y u the tu table displacement ol the euth pai tides, 
A the maximum displacement a amplitude, 
t the time, 

s the diatanm along the diieotum of piopegataon, 

P the peuoil of vihiataon, 

A the wave length. 


This mpieeenta a wave tiaveling in the positive dueetwa of c, the displacement y may be 
in any dneotion peipendioular to x, and m geneial it may be btoken up into veihcal and 
hoiuontal components In figure 82, lot i be the dueebon of propagation, and y may be 

either veitieal 01 hoiuon- 
tal, since all the cailh 
particles move parallel to 
y, a linem thia duocUon u 
not ictated at all, wheieatt 
a line paiallel to a is mode 
to aasume the wavo faun, 
and its aloments expen- 
enee tha maximum lotation The tangent of the anglo which an element of the line 
makes with the axis of % ■ given by the dilfcienoc in tha diaplacemenlB of two neigh- 
. bonng pomta divided fay then distance apart, us, by dy/dx, but 

£ k £—» 
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r hr and its maximum valoo is 2 rA/x If s ib tho vnloaity of piopaga- 

// turn, 1= iP The waves of largest nmphturlo have a velocity of 

<* Jf about &3 km por second, and a peuod of 19 to 20 seconds; and 

y hence a wave length of fiom 60 to 66 km If we taka A—5 mm, 

,/ which is a very large amplitude, and A=06 km., wo And 2 rA/K 

=6.8x6/08x 1(P= about fix ltT 7 qi one-tenth boo aie As small 
ob tha angle ■, the moat 'cmitive imtzumontB am capahlo of moaaur- 
1 m as mg it, piondod the lotation is aiound a hoiuontal and not the 
vmtical axu If two hoiuontal puHniwiM weie auppoiled by the 
solid lock and plaoed one with the beam pointing in the dneotion of the piopagation 
of the wave, and the othei at right anglm to it, dun if the displacements weio hour 

son til, that is, if tho iota turn was aiound a vortical 
aua, tha fliat pendulum would auffm a slight relative 
lotation, but the second one would not If, however, 
4 > the displacements weic vertical, and the rotation 

* aiound a hanmntal axa, the iwh"< 1 peudulum would 
be displaced and tha first would not 

In the man general case rrhoie tha direction of 
piopagation makea an angle ■ with tha dueotian of 
the honmntal pendulum we find tha relative lotation of the pMiHninm for 
displacement* to be oo^e dy/dx, obtained by dividiug eos a dy hy the length of the 
line, is, by dx/xm a, as shown in figuie 88. If we had a second pendulum at right 
angles to the fliBt, the amount of its relative rotation would be nn* m dy/dx, and 
the direction of the 2 rotations would always be the — In the earn of vortical 
displacements the rotation of a hoiuontal fane mMVT "g an angle ■ with the iHnwhmi of 
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pi operation is coe a dy/di, a* will leadily appeal fiomfiguip31 Aline nuking a vertical 
angle a wilh tbe lioiuonlal dnoction ot piopngalion woulil be luinod tlnu an angb 
van** dy/dr, but this line does not mleicst us, noi duo* the eoiiosponding lino in the 
caic of huiiaonl&l dihplacementb, whieli would base a lolation of eae« dy/dz 
Then conclusions depend on tho assumption that the buppoit ol Llic seixmogiaplu 
baa exactly Uio bame motion aa tho undin lying took, a Lhal the ooliunn supporting the 
pendulum is fastened ligidly to the look, if, howcvei, tbe seismogtaph icsls on a puu, 
even tho it be connected ligully with tlio Bolid rack, the cose is dilfoient Tho movomonl 
■a oommunnsatod to the behoof the pier, and as its sides aic buhjcelod to no eonstiauung 
toieeu, tho top of the piei, in the caw of hoinontal displacements, would pobabl} lotate 
aiound a veitaoal axis noaily him a ligid body, Uuu an angle equal to thoavmagc iola- 
Uon of all lines in its base, that is, Lhiu an angle p, Buoh tlial 
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oi half the maximum mtation in the solid look Wo a%umo that the natuial pciiod of 
tho pier foi lolahonel vihiahona is so mueh ahoitor than tho pciiod of tho eaithquake 
wave that it doos not exert an appienable influence on tlio amount of the lolation, this 
aaaumption teems enLuoly justified 

In the ease ol veitical duplaocmonls tbe pirn would be tilted lhiu an an^hi oqual 
to the hltol the lock, but its top would also base quite a laigchncni displocoinonl If, 
howevci, tho pirn wmc vmy long, its pciiod might bo cumiaialilo to tbal of tlio duller 
oaiLhqualm waves, and tho instrumonl would locoid movements wlnoh would beaoom- 
bination of tho movnmonta of tho giound witli the piopei movements of tho pior. IL ia 
piobnble that the movementa of high oliimnaye and tall buildings would he materially 
aftcoted by their natuial pmiode of Yibtahon 

Lot ua now consider waves of condensation, him sound waves, wlioro tho dimotion of 
tbe dmplacomoiit, f, m the aamo as that of piopagation, x , tho oqualion ol tho wave will Bill! 
have Iho samo foim as hmctofoio. A lino in tho dnoction of piopajpr A 

turn or at light angles to it, hamonial or vmUcal, will have no 
lolation, a hoiuontal line making an angle a with a wdl aullor a K 
diflcionee of duplacomont of its two ends equal to df, or df am • at 
right angles to its length, its length la dx/ca&a, tharofmc ila rotataon \\ 
is emu cos a df/di, the maximum value of this u »A/X, when U 
a=46° and when df-/dx u a maximum This is a rotation around \\ 
the vmUcal axis A line making an angle ■ on the oppooto ndo of 
tho line of piopagation is lotatod m the oppooto direeUon, it is \ 

probable that the top of the pur would not rotate at all about ’ 

the vertical, when the base u subjected to this kind of motion 
Obeerven have not eo far succeeded m dueetly meaeunng rota- 
tione, and bb we should ezpeot than to be Mttnwnyly amall, u 

we shall bo oonaulei them untd further evidanoe show! ft”" to be larger 


The forma of instruments whieh have pioved praoheal for reoaiding very dle- 
t n rba n eee are the ordinary pendulum, the honiontal pwwHnliim | and tbe inverted pen¬ 
dulum The first form u too fiwW to need any — the aeeond u a bame or 
a bar carrying a heavy maas, aupported at two points nearly in a vertical line, aa a dear 
la aupported by its hingee, eo that its poutum u affeoted fay a email displacement of 
the support at right an^ee to the direetum toward which it points; the Inverted panda- 
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lum u a heavy man whose oentei of giavity ■ vm tically above tho point of auppoit, 
Bomo additional tmces muil be applied in oidei to keep it in stable equilibuum m thu 
position, these fdices aie usuallv eupidiod by epnngb eonncetiqg the uppei put of the 
mou and the supisiit 


seoistbaudw. 

Thaio ue two piinupal melhods of magnifying and icgnteung the lelative move¬ 
ments, tbe photographic and the muihanuul It is to be noticed tliat thono lolatiso 
movemonts ue all ct the natuic ot lotatiom ot tlie pendulum about a point m a lino ot 
the suppal The photogiephic method of legibleiing may be divided into two lands, 
the optical and tho dueet In the optical method a beam cl light liom a slationoij point 
u lefleclcd tiom a inuioi on Lhe pendulum and concenhated on a moling sheet ol photo- 
giaphie papei which is oftciwuda developed Turn, maths ue made b> poi radically 
eclipsing the light The magmlyuig powei depends on the distonoo of the iccoidmg 
papei fiom the muioi In the dueet method the light is icfleetcd thiough a lougiiudmal 
slit in a diaphragm on tho ond ot the pendulum's beam and a tiansveise slit in the top of 
a box, to the moving photographic papei below As long as tho pendulum is still, a 
Btiaight line h uouided on the papoi, but when tho pendulum truings, the line is shifted 
fiam yds to side Hie magnifying powei dope mb on tho latao ol the length ol the beam 
to the distance of the contet of oseiUation tiom the a\i* ol ictation In lhe mechanical 
mefthodofreghteiibglhcioeaidlBmedobyapuionwhitepapeioi ty aBtylu-. oniinokcd 
papei. The mu long point may be fastened duooUy to the pendulum 01 may bo con¬ 
nected with it thiu one a moie multiplying levoib 1 


THX KAXHEMAUCAL THEORY 

Tho mathematical theory of boisinographs has been wiitlen b> Di W Schlutei, 1 
E Wieohei t, 1 Fimoo B GaIiImu, 1 Gan H FomcianlsoH, 1 Pioiessor 0 Bncklund, 1 
Di M Cantuun, 7 and Di M P Riulhki, 1 buL up to the pirnont tlie genoial tlinorv has 
not boon wultcn in English Uosam Ferry and Ayi ton, howovei, published an nnpoilnnt 
papei m 1870/ in whioh they developed the mathematical Iheory of a heavy mass sub- 
penriad bv aptinga in a box suppoeod to mom with the emth They emphasised tlie 
fact that the actual motion of the mom ib mado up of that ol tho oaith and or its piopoi 
vibration, they showed the influenco of damping and tho i elation between the idative 
movement ami the motion of the oailh Tine papei scmik to ham been ovoilooked 
and h not icfciicd to by later wiiLois on the tlicoiy 


1 It n not dutiable hue in gna debuts or ronmiuoLiun Thynlll be found in Uilnr'n Builu i unh . 
and 8n«nnloB > m Dutton's Buthqualas. in Slubart Bril* btnktmrio, ond in Uio oiignul dwiiiiOnm 
m inamoin « hounulii. wiicln Ur It EhJcil amibn many fbinn at in«luimoiilH in flpiUDd'o 
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Gcilandt Bodilgp /ui Qcophjknlq 1B08, ml V, 

1 Thrario dcr nitanmtKhai BfHmqgi iipbon Abhanil Han Gmolh Wuui OUtnuui, Hath 
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Di Schlutei's woiL was unrlcitaken to deteimino if the inuvrnu uls ot roiimagi.iphfi 
duo lo distant ouLliquakes weie ennrod bj luicai displaci'iucnl’* 01 b> tills, awl ho ilc- 
vulops tho lhcoi\ foi thisc two landa ol motion sc]huat(ly lit discusses (lio ctloct ot 
damping and shows the idation hctwcou tlie movement ol thi 1 cailli awl 11ml ot ihc seis- 
mogiapli 

Piolown Wicchmt begins b\ giving the thcoij ot tho unlnuuv |K*inluIuin in a \eiv 
uniplo waj', whuh doob not, howcui, -dum the dogioc ot approximation made, he thou 
develops tho genual theory or seismngiepln williout cniisulcniig sjKiilically Uk* cluiae- 
tnistios of caoli foim An exlieiuoly valuable p.uL of the incinou is the stiuly or tho 
solid and viscous Illation and tliou mflucnco on tlie movement of tho [imdiilums, also 
tlie iclation between llio ampliluila ol tlie pciululum lelative lo Liu supiioil anil the 
ampliluilo of the buppoit, when the latter is mo\ mg in a simple luiinuimo vilnaUon, foi 
vaiiouovnlucbol Lhciatioot the pciiod oTvibiation of thobuppaiLand tlie nuluinl punod 
of the pendulum, and for vaiious degieos ol damping 

Piinco Golilun ticale many foinn of seisningiaplv. with conbnlcinble fullnust lio 
de\ clops tlie equations Lbiough Ingiangc'b equations and sho«B nlial lei ms aie neglected 
and the dogioc of approximation roomed The pb) steal oiigm of eeilnin lei ins m hw 
equations aie nol o\ ulont, and ho tiaals his pendulums an mathematical iieiididiiiiiH, 
that is, as though llie maw wme oonrcnlialed at tlie renlei ot oseilhiliou, (iilam luinib 
which contain tho niomonl cf ineitia about Lite ceiitei or giant}' do not a|i|icai ui his 
cquatimib, this is uiiimpoitonl as thqy me in guiin.il uogbgilile Punce (iidiLsiu has 
also developed a method ol cloeliomagnctie us 01 ding, anil lias given llie thorny of llie 
lnsliiiiuont ThisimliumonlollciBBoniospecial advantages, hut it lias nol rot runic 
intogenoinl uro. An luipoilanl pail of ttinfc Oulilxm'b work coiimsLh ol au eximi- 
mcntal vui ideation ol Uic theory by means ol a moving plalfaiin, whirh imilalos the 
moicmonls ptoducad by dislmit amlhipuikes 

PiofrsHoi Daoklund stiuls fiom Kuhn's iipialuiu awl obtains Uic oqualuin cl tho luui- 
sontal pendulum under disluiliaiieo, bul lie iloes wil consulei eilhei vihikhis nr solid 
tnollon 

Dr M Conlanm beats tho scismogiaph ns a wiles or ooimcoLcd bilks, and dovulope 
the Uuoiy in symbolic foim 

Dr Iludski develops the equations of llie linii/unlal ]K<iuliiliuii lluongli laginiigo’a 
equations, lelaining quantities of llie roeaml unlei Undai lliesi conditions bo finds 
that in Uio caso of pauodio movemaits of tlie (pound, the temw oonlaming llie dampod 
tioo pound of tho pendulum mo no longer pciiodir In cases when Llie damping is 
lwgc 01 Uic movamcnL of Lbo |ieiululum unall, this jicculiaiily is uiiiiujmrtniiL 

In tho following pages wo shall cUndop Lho oquabom of idative motion of tho pen¬ 
dulum ham tho two fundamental laws, namely, tho motion ol tho oonUn cf giavit}, and 
Euloi's equations for anguloi accclaiatiom about moving axes We shall aco lho order 
of the terms neglootod, and lho physical origin of lho bums in out losulling equalumo will 
be evident We shall begin with tho hmisontal pendulum, as tho lover used for mag¬ 
nifying the motion with ordinary meehamoal icgntralion is ltaolf a hoiisontal pendulum 
and the equation of its motion must supply bams in our icsultanl equations. We shall 
also assume on wbitmiy position foi tho origin of coordinates, and dotminlno what posi¬ 
tion of this origin will givo the simplest aquation, we shall find this to bo tho center of 
gravity of the pendulum in its undisbnbed position Although I have fallowed a difici- 
ont route in developing the equation of the seuimogiaph fiom those followed by the in- 
vestigatois mentioned, I wish to oa lenowlodgo my indebtedness to them for tho guidance 
I have naeived from their leuarahes 
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THE MW WT- PETOPLUM 

Theie aie thiec points of tho pendulum on which foicob act, namely, the cpntoi of 
gravity nnd the tno points ot suppm t Wo shell anil tho line joining the too lnllei fioiiiLs 
the a tie of tolatwn The foices at Llic points cl auppoil may be loplared bv a single toico 
F, acting at the point of inteisection ot the uieaff lotation with tho peipemhoulei on it 
fiom the contci of giavitv of the pendulum, and a couplo In the Zollnei foim or suspen¬ 
sion this point u not fi\od ldatrvclv to tlie pendulum, and theieroie the thcoiy hole 
given does not apply to the Zollnei suspension, me tuithei, page 170 Tho foiee al the 
centoi of giavity in simply giavity acting vci Realty downwaula 
Let ua isfei the position of the pendulum to a rnt of leetongulai comdinates fixed in 
space whose migin is at 0 and whone positive dnootions oie diown in figuie 30 When 

* 

Jt- 


<4 



the pendulum la at rest, let it lie m a plane parallel to the plane of y», and let it point 
in the direction of y Let CQLiefei to the miginal undietuibed position of the 
of giavity of the pendulum , Co, the poeitmn whioh the pout would duiing the 
datairbanoe if it were rigidly connected with the support, and CO its actual poaitu w i at 
anytime 
In flguie 80, let 

Vi be the i n clin ation of the ana of rotation to the vertical In the undisturbed 
condition, 
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the inclination iluiing Lho dibtuibanco, 

the anguloi iliaplaccmcnt of lho CO iclaliie lo lho suppoi l, lho positive 
duration being lira same as thal of ■„ 
the peipcndieulu dibtanou horn tlio CO lo lho axle of lotulion at O', 
the ahbolulc rouidinalcx ol O' bcfoic tlio dislui banco, 
the abeoluto eootdinalob of the CG al anj lime, 
tlio foieo applied at O', 

its comijonunla paialld to the fixed axes ami to lho moving axes, icepoo- 
tivdv 

the components of the (oico excited on lho pendulum by the indicator, 
tho mau of tho pondulum, 

Ihe momonlB of ineilia of the pendulum aboul the piinapal axes of meitla 
thiough the CG, 

the lincai displaccmentb of the buppml duo lo tho dibluibanco, 
lho anguloi diaplacomonls aiound lho axes, duo to tho dislui banco, the posi¬ 
tive (lneoboife boing indicated in tho figuic 


Foi die sake of dearness lho displacements of lho suppoi t aic not shown m tho figuie, 
but lhoy can easily be imagined 
The lineai accelerations of tlio CG aie given by the equations 

( 1 ) 


In onloi lo boo oxaclly what appcmnmatioiv we make, wo must use Euloi's equations 
foi moving axeb to doleimino lho angulai accoloiations, die motion is lofoiiod to the 
uMtaulanoous posiUon of the 3 piinoi[nl axes of ineilia duu lho CO, which wo have called 
(1) (3) ami (3) lcspeclivoly, as wo only ob>orvo llio lolaliou aiouml (9) wo may nogloot 
tho oquatiaue i of oiling to the olhci axes, the ociualion is 


whore /t is the absolute angulai arcoloiation aiound die imlanlanoous post lion of tho 
axis (3), and C a n lho momonl of all farces around this axis Ah lho ponddlum has no 
lelativo motion aiound the axes (1) and (3), its angular velocities aiound thon lnsUn- 
taneous positaons aic the same as those of the suppoi t Since the support is supposed 
to move with the undoilymg took, its angular displacement will be tho sainr as that of 
tho rook, and will be given by equation (2) Its angulai volooily will be obtained by 
differentiating this aquation with respect lo the tune, wo thus find 

(fl) 

and with the values there used i=6mm, 20 sees > X=06km. I thisbeBomesaboat 

8 x lffr*, and dw%/dt has a value of the same on dm We may wnte (sa wo dull see 
further on) 

CO 


making P 9 20 sees, and 0—0006, which la probably a smaller value than it would have 
under the anmntwd dutuibanoe, we find the maximum value of the relative angular 
acceleration of tho pendulum to be about 5 X10“*, a quantity far larger than the product 
of the two angular velocities green above. We may, therefore, without appreciable 
an or, neglect the eaeand term of equation (5) 
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The reaction-! of tbe support hara been replaced by a single foiee F applied at O' 
and a couple The foicn of the oauple both pea thiu the axis of lotation end tlicie- 
fan eon not have a component eiound it, or aiound a paiallel a\n thiu the CO Of Iho 
components of F, F 2 pawn thiaugh the CG, F a i* paiaUd with <3i, end theictoie F. 
alone u capable of elating a moment aiound |3). Similarly onlj the f x component of 
J can cxsrt a moment aiound (3). If tlie lattei foiee ■ excited at a point distant l t 
from O', «e find 

<4=jy-/ l (4-/j (8) 

lot ue leploee dV bv which expietce the angulai acceleialinn in teimb ot 

the aoceleiHtion of the pendulum lelatnra to the buppat, and the aceclmation of the sup¬ 
port, with the* substitutions the equation of angulai acceleration (5i beeomee 

(W 


We most now loplace F x by its value in teims of the resolved peits of F„ F a , F, in 
the direction ot (1), and then the values of these lattei quantities must be obtained fiom 
equation (4) 

We have 

JCj-i/^oesfi, D+^aosiv, D + Ficosf*, 1) (10) 


Binoe the rotations oio the same fot ell points, we can detmmme the cosines of the 
angkb in the above equation, b\ assuming a bpheio of uml indiiis 

f x with eenler at O', and dotaimining the displacement* of the axes 

■* on its surface aa a lesult ot the mlations (*>) and the relative 
u— g — aqgnlai displaaement (0) These values follow dueetly from figuie 

m no S 7 37, wheie the points lepiesent the intetscotions of the axoa with 

the suifoee of the sphere and the hues represent the displace^ 

mentb of these pants 


«*(*,!): 




e«<F.i)+d(l-QJ-cfc+d (U) 

aas 1) - - hu K+>6)» - («v+id) 

All the angles aiu small, and i and 6 eie oonsideiabl) huger then the h’b, wb have thore- 
foie nogleoted equarae of the *'s, pioducls ot i/s end 6, ?0, but id is on impoilont 

tarn in our equation, and since ^ b of tho same a dor, them tarns must be retained 
Substituting the values cf these oosurne end tha values of F Jt F w , F„ bom equations 
(4), m equation (101 we get 


(The aoanhnafm of CQ t eie X, T+l, Z—d, the coordinates of CO* dm log the dis¬ 
turbance, are 

l+X+CF-^K-dT+g* 

,+r+z+x H -(E-d)-. (U) 

r+K-d+cr+o^-x^ 

and the aoardmatea of 0(7 daring the disturbance ora 

F-V + CT+O + X^-iE-iOu. (14) 

*-i+(E-rf) + (T+l)^_X^ 
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The lotntiona bio so ^mall that ne may neglect the niilm in which (hi v air effected, and 
thru coefficient* nun lie ronvdoied coniLanti DilluienUating, nr ni'L 




dl 1 dt* dt K 1 dt 1 


W«1 * ,TI ^ V jJiJ A M 


Intiorincing these value* in equation 112), and the saluo ot F t thuh olilaincil in equation 
(0) and writing / a +A/F —the moment ineilia aiound tho a\i* ol lnlaiinn, we get, 

-|g+er+0^-*9-+»}.(f+»)] 

The toice/n small, and on account of fiiction betwoen Llie pondulum and flip imliruloi, 
it* duration is nntaccmatdy known, hut ae the hiclimiand theanguloi displaicmpnl* aio 
anmll, it is ncailv at light angle* to both the neiuliduin and tho milicaloi, we have Uicio- 
foioreplaced/, in equation (0) by J, (1-^/2) and havo negleeleil the trim f t (*.+$) 
in obtaining equation (10) Tim u tho genual equation of the lioiiranlal (londulum 
smsmogiaph, within the appioumalions montionod The bucaoMive lines of tlie second 
membci give the moments aiound tho axis (3) duo to foiroi ixuullol to the axes of a, i/, 
and a lcapootivoily, (the hum MPiPS/dP, which lias I non comlmicd in the fnsL (eim ol 
the first membci, should be lostmed to tho fiiat lino ol Lin socund memlx'i to inako tho 
atatemont ahictly true) anil the aigm of tho torn iepiasonh.d by each trim in die equa¬ 
tion ia evidont 

This equation can bo moatly simplified by a piopei clioiro of the raigin of enmdinakn; 
if wo place the ongm at O', we havo X—Y—Z—Q, anil the oqiiabon baoonun 

+ jS+^lh+O-Jg+l^+fl^+i)] 

On putting /j“0, omitting fjh and lujPuJdP, and making tho pioper change* of 
notation, thus becomes the aquation No. 80 of Fiinae Galitsin 1 ISquatum (10) can be 
amplified still more by placing the oiigin atCG 0 , then X=Y+1= Z-il—Q, and it 


^g+<9 , - ,n [(S-fl)( 1 -s5 + g(-+s-(g + »>(S' + .)] m 

It is evident that this aquation can not be simplified Author without omitting nn»nn of 
ita terms fiefomng to the equation of u wave, equation (1), differentiating twice with 
respect to t we find foi tho maximum value of the aocelstuhon 
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uiUiPb20kh and /i — 5 mm, this has a value of nhout 0 5 mm per aeo pei seo Una 
u theoula ot the teron (Pf/rf, dVd/ 1 , the hat ia veiv mall in compel won with 

g, which ib neoih 10,000 mm pei sec pei see, and may Iheiefoie ho iwglcctod tf/2 
ia email in compaiison tilth unity, but it u of the Mine anlei an vO. nevcithdess dft/dP 
ia bo email in compel non with q, that me may neglect also, d*fl/dl - ia of 

the soma older aa <PE/dP, but it w mulhpliad b> uhuh with acme mstiumenta 

may amount to i fo, if Lbo accuiacj of oiu mrasuics n not gicater than this, we may omit 
this tcim in oompaiiaon with cflf/A 9 The pioduct /,tl—The left-hand 
momhei of the equation may bo wntlen I t (fP0/dP + dPea^dr) , the omission of 

w equivalent to substituting, m the eeoond tarn, the angulu aoceleiation ielur 
tive to the auppmt foi the absolute angulai aceelesation Suae the maximum value of 
«i wof thcoidei of fix 10~ T and the maximum value of $ not the oidei of 5 x tiT* and 
since they would have the uune pei tod, we find that would be about 1,000 tamn 
aa luge aa d*ujd&, and auoe in genual /, ■ mueh mallei than jI/P, it is eleai that 
we make no mateiial miitako in omitting Pv/df 1 . Our equation then takes the form 




In the undutuihed oondition the CO hea m the vertical plane containing the axis of 
lotataon, thin a\ia making a email angle with the vutieal When the inatrument ia 
disturbed the position of oquilibuum ia in the vmtical plane containing the avia of iotar 
turn in its disiui bed position Using the aame device aa on page 152, we ace by flguie 88 
that the angle thiu which the phuie of equilibrium u turned 
tJ m u , ■* is — (aig — iM.Vi, but smee the support itself ia turned about 

TT 1 ** the vutieal thiu an angle «„ die angulu displacement of 

no aa the plane ot equilibiium idativo to the support is 

- (« v —!«,)/!—•„ which leduees to -V 1 The last turn m equation (20) is there- 
fua the moment due to gravity famdmg to bung the pendulum bade to its position 
of equihbiium, and it ia proportional to the angular displacement from the position of 
oquihbnum 

The value of the new angle i, between the vertical and the axis of rotation, leduees 
piaotuwlly to ij—on account of the small angle thru which the plane of oquilibuum 
has been rotated (sec figuie 38) Since « v is ol the wdu 6 x 10~ T and ig for the von 
Bebeur pendulum, wheie it baa a mailer value than for any other instrument, ia about 
1 700, wo aeo that its value ia about» 8000, for other instruments it w still smaller, 
we may omit ■, and consider that the indication of the axis of rotation to the vertical 
ban not boon changed by the disturbanoe 

The equation contains fj v the moment due to the reaction between the pendulum 
and the unbeaten Its value can be determined horn the equation of the indicator and 
then sufaetituted in equation (20) The indicator is rtsdf a small, hmuontd pendulum 
and u attested ly the disturbance, its general equation will be of the farm of equation (10) 
Let ue assume that (he axis of rotation of the indioatin and its eft ha m the axw of y 
thru thoCG 0 of the pendulum; the coordinates of the q?, then beeome 0, I v 0 (see fig 80), 
putting these values far X, T +1, Z—d, m equation llfl) and writing prunes to mark 
the quantities refening to the Indicator, its equation becomes 


/,' has a positive sign because the fares w applied bo that a podbve Cone eausea a 
powtive angular acoelermtion, we have wwiimsH i=0, and that the roaethm between the 
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indicatoi and the peixliilum noLs at light angina to the toimci and i* oqunl to iLs (1) com- 
[ionent The** assumption* mill not bo accuiatcly tiue, but tho quantities Involved uie 
small, and no impoitanl 01101 will bo intioduoud In' thorn Even in this foim the equa¬ 
tion n voij complicated, but it can bo made vciy simplo 1>} consliucting the indicatoi 
so that its eg shall lie in its n\i* of lolation, then V Ixicomes 0, and only ono lei in 
icmains on the lighb-hnnd sale In this ease V-'/i bill 0 is sescial tunes as loige 
as 0, ao that as shown on page 154 we may omul ami Uu: equation of the 

indicatoi takes the simple foim 

c 22 ) 

With the eg m the a\ia of lotabon it makes no diltcienec wlieic this uvis is utuated, 
and tho indicatoi may oven be a bent knot without ohanging its equation, tins mclluxi 
of leducing tho influence of the imheatoi is ao simple that it should alwnyu be fol¬ 
lowed In this paper we shall Become that it baa boen, if it lias not wo must cither IaIhi 
into account the venous teima ot equation (21) oi we must look upon them as unimpor¬ 
tant and neglect them 

We have, of 0011100,//= -f v alao 0 =—n v B v whoio 1*1=and hence — 

— njPO/df, elimuiabng /, fiom equobon (20) hj moons of equation (23), uiul making 
tho above aubetitutiraia, wo got 

It will he seen that the moment of incitia of the pendulum u piaotioallv mcioasl by 
71 / times the mornont of ineiLia of the mdioatoi, aud tins tends to dimmish the angular 
acceleiation, wheioas the mass of the pendulum which appeaia on the light sulo of U 10 
equation and tends to meiease the ac cole 1 at ion is not aflcolad by Uio lndluitoi, honao 
the impoitanoo of making tho indieatm as lighL as immUo If foi Urn suko of mm nn^ing 
tbe mogmfymg powei of the pendulum wo should add a second levor to be deflocLed by 
tho fiist, and if the latao of tho angular dcfloolums of tlio seoonil anil first levcm bo n„ 
than the eftective mornont of 11101 ba of tho two levels n I» , + n i ,/ co ,, i anl Uialof tho 
whole ayatom u I m + a, , / -l , +iiAi^ , / lll ,, l tho the inagnifyug powm may bo uuueasL 
b) a multiplication of leveia, the aotual dofloolions of Uio pomlulum am diminlshl 
and it may be matonally In the Boeob-Omaii 10 kdog aoutniograph /qj = 01 (J x 10* 
cm V" 1 /«/ = 280 cm^gm , and when the magnifying powei is 10, ti 1 = 81.8; hence 
the efloetive moment of inertia added by tho indicator, n,*/.' omuls 27 6x10*, 01 
ibthor/, 

I«t ua write + n flj +n/a/^" ■■ [/]; alao [I]/Ml= L, lnlioduoing theae 

Buhehtatuma In the equation (28) we gat 

W “zS* + i(? + 0“° ^ 

We have ao far not taken amount of hlctxon, but all instruments are aubjooted both 
to viBOOua Cnetion, or damping, proportional and opposite to tho velocity, and to mIiH 
fnabon, which has a constant quantitative value, but always opposes the molaon; m 
some eaaaa, apeoul devices are added to lnmaaae the rf«npi»^ Writing 2 *di/dt to 
lepceeent the damping and ? p 0 for the aolad faction, the equation becomes 

+ iG?' + ®) :F * =0 W> 

We hen eaeume that the dampmg ■ proportional to the velocity relatave to the support. 
This n true whan apodal damping devices am afflxt to the support, but In tha oaae 
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where no special damping is inLioduoed, the vbwoub 1 net ion 1 * laigelv due to the resist¬ 
ance at the Bunaundmg au, anrl if this don not move with the support, it will not bo 
piopmtional to the lalofiw velocity, but to some complicated function ol the iclutivo 
and absolute velocities It tlm inatiumenl is in a closed loom, and the eeithquake 
motion not fast, Lhc an will, to some extent, move with the support, anrl as tlio iln-mping, 
when speoiol devices aie not used, ie extremely a mall, we make no mateiial enoi in putting 
it piopoitional to the icfafiM velocity 

6 in the equation lefeia to the relative angular displacement of the pondulum, if 
we pietei to ileal duootly vuth the lelative displacement ol the maiking point, wo oan 
pioceed as fallows let 1 bo the length ol the long aim of the last oi moilong level, anil 
§ its aqgulai dupUremonb, multiply the equation (25) thioughoul by w7, wlicio n= 
fijiijiig • If a ie the linear i dative displacement of the rnaihmg point a — B— 
■76, makmg these substitutes in the equation it beoomes 

<*> 

where p'—nlp t a and its doiivatives in thie equation will base positive oi negative 
signs, aocoiding as the number ot multiplying Itieis is odd oi even, this will bo evident 
if we suppoao the support to have an acceleration in the positive direction, tho poiululum 
mil he lett behind, and the long ond of the fiist level mil movo m the positive rhiootion, 
that of the second lei a in the negative du action, ete There aie the equations of rela¬ 
tive motion of the pendulum and of the point, n«l they oie the only equations 

we have fiom which to deduce the movement of tho auppoit It mil bo Bern that, loi 
the hoiuoctal pendulum mth the oiigrn at the CQ t and to the ilsgiet) ol oppiovunar 
tion used, the only ibepkcemunts of the support which enter aie the lincei aoeoloia- 
tion paielld to Urn area of i, and the lotataon mound the avis of y, hut as both onlei 
the equation we aie not able to dotmmine the value ol eithoi spaiatdy (Sco, howoici, 
page 188) 

For the Milne matiument dueot photographie registration n used, if 7, is the length 
of the beam fiom the axis of rotation to the dit foi the molding light, then a— —7,6 
since 7,6 and a aie positive in opposite direction*, end in equation (26) — m2 must, bo 
roplaeod by 2, Fm the von Robom-Paachwiti foim the optioal method of registration 
ib used, if D ie the distance tiom the muroi on the pendulum to Urn leoording paper, 
then a— —2 DO and 7H must he replaced by —2D 

We see fiom the equation that 2 pendulums which havB the same values of*, L, t, and 
P t have identical equations, and thou movements la the same distuihance would bo 
identical, although they might differ very muoh in moss and in fam, and bum wim, 
in oidai that 2 pendulums should have identical mntmns foi the seme dislm banco it 
is ncaossar> that the constants above should have the uihb values foi the 2 pendulums. 
Thia makes it peifcetly olcei why 2 rlosimilai pendulums give such different rocoids of 
the same distuihance, indeed 2 pendulums made as neatly slil™ as possible give dis¬ 
similar leoards if the? have ditfeient values of i, s e difieieot peiiods, or even if they 
have diffaent values of p' This was punted out in 1809 by Di 0 tt«a!hh » Two 
honnntel penduluma of the von Rabein-Ptisohmtn type made as nuily alike as possible, 
mounted Bide by Bide, and having the same period of vibration, gave very diiteient isoorda 
of the some earthquake The difference wee found to be due to Hifomnnwi m the fi io¬ 
ta® at the auppoitang points. Alteratione were made until the fnotion was the same 
in the two instruments ae shown by the eundanty of the dyingout curves of free vibra¬ 
tions After that the twn instruments gave mimIm- records of a 

1 Balt Air Instranrartankuiida, 18B9, p 106 
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In 01 Jet to determine the value ot lineal displacement*, we niuel nilhei noglcet tlu 
lotation oe mull, 01 deteimine its value as a function of the time liom borne othei ins Liu- 
nicnl, and then cithei intcgiato the equation, wluoli can 1m doim if it is found by the 
lecoid to be a simple foim, bay a simple hnimonio cuive, ai wo must laboiiouslr meaa- 
uie tiom the loooid tho buccossivo values ot tPO/dP, dO/dt and 8, which w ben inlioducori 
into the equation will gi\ c us tho suoaessivo valuob ot iPf/dt 1 A double rumination ol 
these valuob mil then give us the bucotoivo values ut Hie dis]diieoinonl f So lot oo I 
know this piou*rs lun only been coiiiod out once and tlu.n willuiul taking into constduin- 
tion the conbtauL p ' 1 The pioccss ib voiy lobouous aiul uinpliaoucs llm advanUgr 
which some ullici foim ot in&Uumcnl would haw, in which lira irlatuin Imlwoun its dis¬ 
placement and that ot tlic caith would he male diiool and simple 


DLTEHUINITION OP TOD CONST INTB 


But with tho insliumcnts wc now have, it is impnitant to dcloiinmo tho values of 
thebe constants, which can bo do no as (allows If tho support wio anbiacted to aveiy 
lapid but small movement, the voond deuvaUies would be so muchlaigei than tho other 
leinis in the equations (25) and (20), lliat tho lot lei could 1m neglected and wo should 
have 


djf irti iSfHt 

dP^di' 


(27) 


Intcgialmg ami iragjcetmg tbo volooilj multiplied by tho time of tho movement, as 
the lattn is Bnppoeod cxLiomaly shall, we get 


£(«-*)-«-& (28) 


This shows that foi a movement of this kind a point on lira iraiululuni ihstant L tiom Hie 
a\is of lotation wdl have a lclalivo displacement equal, hut in Iho o]ipomle direction, to 
that of tho bupporl, Uiat is, that it will ocUially not be ibspluual by Ura luovemonl 
Thm pomt ia lira contci of oscillation. It m also the jraint at which lira wlurio mass ot 
tho pendulum nught bo concentiatod without aliccling its uiotionn, L ia thoioloie cnllod 
the length of tho mathematical pendulum or the tame type, hucIi a mnlhomnhcnl pamlu- 
lum would have tho same pmiod as tho actual pendulum fas wo shall arc later), ImL 
we must lememboi that L, oe defined hoio, is not lira length ot a simple iiuudulum 
having the Mine period as Ura hmuontnl pomLulum 
We also see horn Ura second equation that the actual movement of the marking pnuiL 
will he n 1/L Umob ab gioat as that of the auppatl, Una than will icpiannl the magni¬ 
fying powoi tar Bnudl lapid linear dlaplooemcnls, and we may lopioaonl it by V. Its value 
is evidently 

V ~L k * 01 W 

if sre wnte S—ni|m l ni a ■ whoie wi,—Z//L ■ ole, i a, m, oquols tho latio of the 
long to the shoit aim of the flibt lever, eta. If on tho other hand Ihoie m no linear du- 



fta oa 


placement, but a email rapid angular acceleration mound the axu of y, the pendulum 
is not affected at all, far the equation does not the angular acceleration. Thu 


By Ocnanl H Friiminir. Entcra'p- «■«—* la 
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aiiscb hem tlic fact that we Lave taken oui origin ot eooidinates at the CO v ot the pen¬ 
dulum 

If we go back to the equation (18) anil eliminate the leaclum of tho uidioaUn h butoic, 
but letun the tcim containing the angulu ncccleiation about ana (3), me should hod in 
oui final equation tho lei ms 

(1,2, + -i-Ziu'j <*’•/*■ + (4 + H) ii m/tU* 

whioh would bo the only impmlant tonne in oui equation, when a veiv aniall but veiy 
lapid angulai acceleiation occulted mound axis (3) lntegiating, we find 

Foi the Bosch-Omon pendulum n ehouL 30 turns and /,' mo negligible, 

we theiefoie see that the angulai displacement of the pendulum would only bo about 
3*5 of that of the support aiouial tho a\u 0) 

It, on tho othoi hand, thmo ie a peimanBnt angulai iliaplaccmunL about Lius aw of 
If, and no othei ilisluibanco, wo must have fm equililmuin 6—a/nl=* — wy/i,* wo have 
neglected the solid diction, which may act to uioicaso oi dooicasc tho angle 0, oi the 
diaplocemont a, acooiduig as Uic pondulum ieudioa ita position of ei|uililiiium liom one 
hide oi the otbei Wo shall see la ton how the value of jf afloat* the icsull, but nc/dccl- 
ing it toi the moment, we mo that the angulu displuremont ol tho poiululum n 1/t times 
that of tho support Honro l/i may bo taken ns the magnification of ooiwlant angulur 
displacements mound am ot y Fm tho Baaoh-Omou inaUumont this ib alxnit 70, tm 
the Milne, about 450, and fur the von Eeboui -Faschwits, about 700, whon tho ]iei knI ul 
vibiataon h abouL 17 seconds As appeals below, l/i n pioporUonol to T* 

It them ie no distuibance end wo neglect Motion, equation (20) lcducee to tho lorm 

9+B-* w 

whose solution lepreaanla a simple hmmoma Hwuiging oT tlio pendulum with a pciiud 

(«») 

Therafoio m equations (25) and (2b), qi/L can be icplaocd ly (8 w/T,)*, T t can 1 caddy 
bo determined by obemvabon U<=*L /1 is tho length ot a ramjilo mathematical pendu- 
lum having tho unie pciiod as tho instnuneut undci eunaidciation 
Equation l20) may now he wiitten 

(Ml) 

It contains foui constant^ and when these an known the ehancteiiabu of tho instru¬ 
ment me known Two instruments, howovoi they may diffei m mass, alio, shapo, and 
uven m type, aa we shall see later, will give identical looorda of the aamo diatuitanco 
if these consta nt s are leapetlivcly equal far the two mstiiimcnts 
We have seen that U can very easily be determined through equation (32) by 
iletermmmg the period of vibration 7 can be found by mwuing tho vrnlous quan¬ 
tities which define it m equation (29) TiwHl of mcasuiing tine value of L It oan bo 
lound Mm V through the relation L=*%L r t after s has bean found by mn of tho 
methods given below 

1 V «e os tts d^ksaowit of tfcs pobtac to aossim tbs ratitfeni we bare m^bIs/FL 
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Theie n a duect avpcumcntiil method ol dctei mining I' due to Piofi-am Wicbhoit 1 
DiBplaoe the pendulum by applying a email foice / at light angles Lo il and at a dis¬ 
tance ( hom the axib of total ion It* moment will bo JV The equal moment of 
restitution excited by the pendulum will be MlgiO, wheie 0 u the ongulai displacement 
of the pendulum, this appeals immediately liom the tlicoiy of vibialing bodice il wo 
replace L in equation (32) bv it* value [ly&ll 

Equating these two moments wo find t6<=*ff/Mlg II the. mailing point at the 
same tame lion been displaced a di&tancc a v then 

V<= 719/Li - a/M = u^L’il (38) 

oj u obeeived, V dctei mined thiough the pcnod ol \ibiation, and id calculated by Iho 
moment of the applied foico, aa above 

In applying the foico Fiofcssm Wiechat uses what u piaolically the beam of a 
balance with a veibeal pomtei, the lattci pietae* against the pendulum with a tone 
due to a weight placed at the end of the beam If die length of the pomtei jb half 
the length of the beam, then a weight mg placed on the end of the beam will uvnt a 
pienuie mg against the pendulum, and we find id= ml'/Ml 

Equation (021 also enables ua to detaimino the value of i, whioh can not be meoauioiL 
dneotly noth any degioe of aecuiaey, L can be doloimined liy moasuiing Uw quanti¬ 
ties entoiing its definition fp 156), g n supposed known and l can then be cnloulatcd 
A special airangemont by which the von Bobeui-Pnschwiti pondulum can be swung 
with its aus of lotation hoinontsl cnahlob ua to detounmc ils i and L with oaso 
When i is loigB it must be leplscod in the oquation (82) by the ucuiato loirn bin t, 
when t is 00° this becomes unity, and wc gel foi tho peiiod 

T r -2rJ* 

fiom which L eon be immediately calculated When the pendulum is hung so dull t la 
small, tho peiiod ib given by equation (32), henco 

i-T.'/Tf (84) 

We have Boon that if sec lilt the euppoil thiough on anglo • die paiululum is dis¬ 
placed thiough on anglo 8=* It u easy to produce a known Ult on a Mine 

mstiument by mean ot the lovding ecioses, end on tho Bosch-Onion instrument by 
means of tho hoiisontsl adjusting screw at the top nr the supporting column Hie 
value of t eon than bo calculated by mcamiimg 0 duortly, oi by anleulabng it thiough 
the displacement a t of the pomtei, foi, VL=fl,/0 = end m and Zj aro vary easily 
measured 

Returning again to equation (26), neglecting the solid hiotton and supposing no 
disturbance, the equation becomes 


of which the sdutaan Is 




a-«*-*■»£=((-4) 


( 85 ) 


( 88 ) 


provided 2 */T 0 n greater than <r a,, and f, ora eonetonta to he determined by the Ini¬ 
tial nanriitions and 7* is given by 

GW- » 


■BataSlBHir OMpfayM^vol V^p 440 
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(38) 

(88a) 


r «™ 8*/v 1 + (■ r/2»f 

It * u mull, we can deduce 

If, as in the majanty ot pendulums now in use, theie * no especial device loi damping, 
ana very ■”■11 quantity ami wo may, to a cIobc dcgiee of appioximation, wiite 7—7, 
aiul 2x/7=2 w/T n 

Hie Ml iihan, equation (80), icpicsenfa a maple haimome motion with decieasing 
amplitude given by , to (lotciimne die auoeewve maximum swings in opposite 
aides ot the cential line, wo put 1—0, 7/2, 27/8, ete, in the expiession Tho lalio of 
sueoMive values ot the «nphiMdn is oonatant and equals V , i a, if dp a v a tl ete, 
oie the successive maximum displaoumenta wb have 

( 10 ) 

a, aj i% 

tliifc quantity is called the damping lalio To dctBiimne the value of m, lake tho nnluial 
logarithms of both aides of equation (40), we get 

log. 5*=2 3038 log 21 = ^= A (41) 

B| A 3 

whue log stands for the loganthm to the bam 10 A is cellod the logaiilhmic dooremont 
of tho nwiptihirfa Fiom this equation we oan calculate «, but as it ib difficult lo get a 
good determination ot the iatio of Lwo euecenvo amplitudes, we can detonnine * fkom 
tho iatio of the soioth lo tlie nth amplitude, as follows Multiply together lira Huecostuve 
latioe of equation (40) and wo gBt 

(43) 


take loguithms of boLh sides of tha equation, and we gut 

!log.5i=?-*®®logSi-^=A (43) 

n o. a n. 3 

This gives us moie acemato values ot * and A The quantity neodod to dotoimino 
7 U m equation (.30) ■ *7/2 ir, and thia bcoomce 

*T m 2 30B6| flj—OTSS^n, g A (40 

St a* 0 0, a Ob r 


In detemunuig « 01 *7/2t, one natmally ofanoveB a^and a u , but the logsnthnuo deore- 
ment, A, is a leoagmaed constant, and is the quantity usually lecoided to indicate the 
rfampiTig of the ineh union t It ib to be notued that the logarithmic deciemont is not 
a constant, but is ptopoitaonal to the damped period 
We also have fiom equation @ 8 ) 



(44a) 


and thiough equation (40) and (41) 


log. 1 * 

i*r) **+log/« 


lQR 1 * 

1863 4-log 1 . 


(44b) 
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The UhG of Ihh toimula u the quickest means ot enlciilaiing the value ol kZ , 0 / 2 t i 
wlinli enteis the cvpicssion foi die mngnityiDg powei ol the scismogiapli foi Imuimm 
vihiatiana 

The vihiations of the pendulum undo Humping lie betweon two o\ponential curves, 
f 41 and —a - " as shown in figuie 40 

Thcie aie lew instruments ties of all solid fiietion, this onlma at the pivots and at 
the mat king point At the pivot it n moioly a constant moment iwnding to atop the 
motion, but it mas havo a somewhat 
ditteicnt value foi motion in opposite 
duaction At the nuulnng point the 

cheat is dilleient, in figuie 11 , lot a be 
the pivot, and b the mailing paint of 
the indicator, lot the mending paper be 
moving to the right with a velocity of 
v", let the mniking point be moving to 
i educe V with a velocity o', be and bd, 
as shown in the figure, wdl indicate the 
mos aments of Uio marking pant lelahvo 
to Lhc papa, as the lesultof those movo- 
meots lospeclivcLy, die icsidtsnl idative 
motion wdl be be, and the tuolionel face 
which will bo dueotod in the duration oiiimulo to bo may bo icpiceonled by a con¬ 
stant 0 Let a bo tho angle which it* direction makes with the duration of motion of 
the papa, and lot 9 be the angulsi displacement ol tho lcvor fioin tho tamo duration 
(which should bo itb duoclion ot equdilaiumj. 

We may divulo 0 into two components, one in Lhc dnocUou of tho lcvor, whleh is 
leveled by a reaction at the pivot and docs not tend to lotate tho lover; a sooond at 




liu u 


right angles to the leva, which exoroisae a moment to turn it, to deteimino this moment 
we must get the component of £ m the direction of if and multiply it by V. This elfootivo 
moment is 


— 4Pun(«—0) 


4**1 ^ _i w v" sin V 

be * 




This can be developed in pawns of (whiah wo will write a of J'N (oi s/ 1 ) 
wfaiohever is leu than unity, and we get 


^T(l—v," sm y)(l — ®i'“/2+V! 11 sm fl* + ^ 

“ ^(* 11 —sin S') (1— v u '*/2+ v,, 1 mn ? + ) (48) 

If the leva is moving very rapidly in companion with the paper, r," becomes a small 
quantity, it may be neglected, and the flict expression becomes +Z, that is, there is a 
constant moment tending to stop the motion of the pff"di|inni if the paper is mov¬ 
ing very rapidly in oampansan with the lever, u a small quantity, and the second 
expression rednoes to » u '—smd'—v 11 , ai^d , +- ), which, when & is small, 
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baooma^Z , (aL 1 , -0 , )i thu lepicsenta a moment piopartioiial to (he velocity of the levoi, 
eal a eeeand piopoibonsl to the daptoeement 
In the mfamwfiiaiw use wlisie neitfaei e 1 nor ■" is prepondoiabngly huge, the (no¬ 
tional wMwit ia a complex funotion of their ratio end of the augulai displacement 
In any luge swing the icooidiug point may pea thiu its position ot oquilihuum with a 
velocity much leigsr than that of the paper, but as it leachcB the limit of ita awing ita 
velocity giadualh icduces to mo, hence the nature of the moment bought into play 
vanes dunng the swing As Iho lever passes its ceio position the fnelion 

eveimaoc a constant moment; and aa it approaches the maximum displacement the 
fnotion emcises a damping moment, ami a fotoe of lesbtution 
It aomehmee happens, on account of a dight tilting of the piai, that the pendulum's 
aqaihbium position is nob e vastly in a line with the pivot ot the indicntoi leva, eo that 

a 

-p- 

no ia 



the le\a stands at an angle with the pendulum. The fnetumal mamont has the same 
expi onion is wo have elioady tound c\oept that we mint leplace by ff+0 /, wheio 
u the angulai displacement of the indicator when the pendulum u at icet, and P tho 
ditplaeement liom tins position dunng a distuibanco. The limiting oases be on p 161) 
become and pZ'te,,' -0,') if wand 0,' me not laigB, that ia, in the eooond ease, 
we must add to the moments aJieady oonaubred another mamont which tends to bung 
the pendulum book to the pnopei potation of equdibmm. 

Let ue see what is the natuie of the tnational moment ma special earn, let us suppose 
we have a simple haimomo swing of the marking pout of period, P—15 sea, and ampli- 
tude 4em ; tot the velooity of the papei be 15etn per minute, oi v"=>0 025 cm persee- 
ond. We have supposed the swing ample hannome, which it would nob be under the 
a ebon of the Inchon, but it would he approximately bo, and we oau get a fair idea of 
the vsiiabon of the fnetumal moment undv thu supposition IF y is the displacement, 
we shall have 


r 


P * iff P 


2w 

P 


t 


than 2 «//*=> 25/15—167, and putbng the suseavve values of the sine m the genual 
equation foi the fnobonal moment (45), we find that the foiee does not vary much foi 
something ovu an eighth ot the period on oadh side aa the poinbei mosses tho suo pou- 
hon, and it changes vuy quicJdy neai the ends of the swings, for movements thuefoie 
m which the maximum value of vVv" u of the order of 167/0 025 — 67, the fnobonal 
mamont does not vuy muoh in value dunng a large put of the swing It would pro- 
dune a much too complicated e xpr e ssion to introduce the actual value of the fnobonal 
moment mto the equation of tho pendulum, the heft we oan do is to look upon it as 
made np of a damping moment, which would entu the general Hmp n g turn, a " IMnant 
p roportional to the displacement, which would comhuie with a ■""■Im term m the equa¬ 
tion, and of a constant moment opposed to the motion, which would be represented, to¬ 
gether with pivotal fnetum, by the term of the equation. The importance of 

raduamg sll this hiotion to a mnmnum is evident, far we eon not take accurate account 
of It Hence the adoption of vuy heavy jwndniiiiM, which reduce the effect of the 
fnobonal forces an their motion That the fnetaoo. at the reeordrag punt to, In general, 
vary important, is shown fay tho rapid dying out of the vibrations of a BaestoOmon 
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pendulum when the pointei in in comparison to the veiy don dying down wlun 

the nuuLing point does not touch the smoked papei The eliooL of the mulliplying loveic 
in incioaoing Lho intluoneo of tho fiietion eon easily bo found Using tin. eamo notation 
ae on pages 151,166, we have 

i t (j gm jj\ v efce 

whaie foi this peitieulai aeee, the/s ropicsont Uio icaclion between tho lovoie biought 
about by the tuefaon 0, of the maiking point only, and the ine&ba of the levels n not 
oonmdeied 
This gives 

-+JJW (47) 

that is, tho fnotional moment is piopoilional to the multzpl} ing powoi of tho levels 
Assuming that the fnation odds a Hnmpiwg moment, a moment piopoi tionol to tlie 
displacemant, and a eonstant moment, opposing tho motion ot the pondulum, we have 
still to determine in oui gonmal oquation (20) the values of the constants * and jf It 
in this equation we loplaco <i by a 1 T Lp'/gi, it booomab 

$ + *‘?-£S + Kt' + ‘')- # » 

the foim is unchanged except that tho constant toim diops out Thcioluio lho vibra- 
hon of a pendulum, alloc tod fay constant fnolion, hoe the same penod and is othoiwise 
the some os that of a penrlulum without the fiietion, oxoopl that tho mfaiation no longpt 
tokos place about tho medial line, but about a line dhplacod fiom it by an amounL X.p'/yi, 
and this displacement is flisl on ano ode of the medial lino and than on the otlun Wo 
may theiefoie look upon the foroo of institution, not os propattionel to a, tho displace¬ 
ment, but to a loss Lp/\gi, and tho pondulum can lamam at lost anywhere boLwoan lho 
two displaced medial lines Let us call tho dialnneo bolwcon the trno medial lino and 
its displaced position, the “fnational displaeomont of the modisl lino," and denolo its 
value, LfF/gi or j/{T/2tY, fay r. It must be dolm mined by expeilmonk Wo have 
just seen that the fnobansl moment excrlod on the pondulum ib proportional to tho mul¬ 
tiplying power of the levels, thorofmo the EiioLionel displaeomont of tho point \ Is pro¬ 
portional to the same quantity, and the [notional displacement of lho marking point 
is si? tunas ns great, or piopaitional to the square of tho multiplying pawn. Suppose 
the fnobonsl displacement of the point at were 0 01 mm, that at tho did of 

one lever multiplying 10 tunes would be 1 mm., end at the and of a scoond Bimilai lovei, 
100 mm We can determine the idatum between jf, r end the frictional foroo ^ 
exmtad at tho marking paint oqualc a farce excited at the point of aantaob, 
of tho pendulum and the fimt lever, end this axmie a moment end therefore pio- 
dueee an aooelentum of the penduhnn equal to acedoiatum ic represented 

fay m equation (26). Hence 



In figure 43, let a 1( a,, ete, be the successive exouisums meesored bam the medial 
line, let r be the displacement of marfiJ hne, if there is no the 

pendulum etarte bam a displacement that is r bam the displaced line, it will 
swing an equal distance to the other gde of this line, ar Og—r—Oj+r; Og—2r, 

ae It stmts beak from a 1 the medial line is euddmly displaced tog),and e^—f ^+r, 
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a l =a l — 2t, and we see that each suocossiyb exouibion of the pendulum 11 riiminiehi 
br 2 r 'When al lut the fiichon stops the motion between the lines il) and (2), the point 

will oobbb to vitnete, the fiietum being 
■ \ just enough to hold it in (he position 

| \ whets it stops Bui when the vibialion 

\ beeamee veiy email, the fnotion no 

\ ^ Longsi ever is a constant toice, but a 

I \ / \ damping Coice end a foiee of lestilulion, 

»i\ - \ -\ .-and tbatcfoie the maiking point would 

__ \ / ' ^_ continue to apptoaoh the tiue medial 

m v— j line, being kept ham it only by the 

V * / constant fiiction of the pivots 

\ / Whan there ia (lamping, the *uo- 

V omuve exclusions about the displaced 

* ,u 48 lines are not equal, but thu> giaduolly 

ftnnimwli m the mtio e * 1 ', which we have called e, we have tha store 

Sm.'(49) 

Oi+» a.+ i ' 

and it is fiom this nne» of equation* that we must deteimine m and p' A-s the position 
ol the medial line may be unknown, we can not measuie the e’s, so we must pioeocd as 
tollowa adding numerators and denominatm* of the equal fraction's wo gel 

+ 2i m ,-A.— 2i B B( /gy 

o,+Ui+2i Ji+^i Ji+ti 


whoio flj+a,, Aj—Oj+o,, etc, the A's sic tho langes of Lho vibiations, that is, the 
iliatonceB fiom a maximum excuimon on one ode to the next on Uic othei Bubtiacting 
the numemtors and denommatoiB, the aeeond horn the fiist, the thud horn the second, 
eto, we find 

Solving the that equation (60) foi 2 r and mbodiuang the value ot e bom tho fiibt equa¬ 
tion (51), we get 

*-^1^ C«> 

Eipiationb (51) and (52) enable us to deteimine the values of e and i fiom the measure 
ot thiee succoBBive iange&, then equations are suitable when the umges duniinA lapidly 
in value, but when they diminish vuy slowly, than equations will not yield aoouiale 
values, and we must deduce others containing ranges which aie sufficiently tai apart to 
have materially diffeient valuaa We proceed as tollowa add the numeiatma and tho 
denominatore of equations (51) and we get 

Z-L-T-lc- -• « 

multiplying n of these buttons together, we get 


m end n may be any numbeis we plean, let ub take m=«n+l, and the fanmila becomes 
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Rent this we deduce as befoio 


*T 

2r 


0 733 


toga 




■^■+1 



(BBj 


Solving equation (50) fa 2i, wo got 




*r 


Jl 


■>i| — €.Jj ^ it. -i-A, B 
l+« 1+e 

Ai— cdi i.l, — (Mi 
l + € " «(! + «) 


-elo 

eta 


adding numemloib and denominataii 


( 58 ) 


Q| 4| — — 

(i+€)(l-o/Ci-«) «+l *-l 

loplaoing value of«" Horn equation (51) we gel 

Sf => LrJ: -d‘»ii 

« + lM 1 -il. l O-Cd. 1 ,-dH,0 


(57) 


Equations (65), (50) and (57) ue poiletlly gpneial, and n may be given any uitqgial 
valuo giealoi than 0 The roc lor («— 1) in oquabon (57) lodueoe Lho aocuiacy in the 
dolotinitiation of i when tis ncaily oqual to 1, but • oan be doUnimnod with considmable 
acraniev fiom oi|uatioii f51) if wo have a good loooid of boo vilnahons without oulsule 
dis tin banco i being thus dofaniincd, we can find jf and £ fiotn equation (48a) Thus 
lho damping and luotional oonetanls oan ho dolcimiuod liom lho mcosuie of 8 longos. 

Reluming now to equation (85), lot us consider lho asso wlioio lho fi 10 lion Is to gioat 
tlial lho movoniont is no longpi poiioilio so tliat wo oan not dohnnuno « niul p' by lho 
above methods Wo dull then luvo k>2 r/T v and tin solution of the oquabon (8fi) 
undor this oondibon is 

o=iil (SB) 

whoio 

U|-i*+V?—U|=«— V?— v? (59) 

and n is wntlen fa 2 t/ 7 , b , 4! and 4, ato arbibsiy constants whoso vsluae no to bo 
detoimined to eoiiospoml to lho spceisl oondibona impouod Noglorting solul friction 
fa tho piosonl, wo can doloimino (he valuo of« by diaplaemg lho pondulum an amount 
OgOml then soiling it ficc, that u, at tuno l t wehave a=a .and dn/dl=*0 Uwedofa- 
mino A x and 4, to Minify these conditions, equation (59) boeomos 

0 “ uT^Tj (**** ~ (®°) 


Thu loptosanta tho diffaenoo of two exponanbsl curves, and suoo e^ u gi eater than m,, 
Uie second teim in the psientiiesu la always smaller than the Amt sod a u always posi¬ 
tive; and theiefam the pendulum lemnns on the positive side of the position of equi¬ 
librium, gradually approaching it, but only reaching it what fun 
To determine « we must first determine n ar 2r/T r To do this, reduoe the value of 
m suffieiently to allow a satisfactory periodic motion, and determine the period. Increase 
the value of « until the wmunn u spanodic Now displace the pendulum an amount Og 
and release it exactly at the beat of a seoonds pendulum, dotmmine the defleobon bum 
its ponhon of equiltbnum at, say, every 5 or 10 beats of flu pendulum On substituting 
the values of <^, n, and t m equation (60) we oan determine c by trial, eaeh observation 
giving a value of «, the average ean then be taken It would be very difficult to deter- 



lf)6 REPOST OF THE CUIFOBHIt I4HIHQUAKB COlTUraSION 

Him* s mlDg fha ordinary method oF recording, a much belter way would be to attach 
a small mii-m r to the pendulum and reed the deflections with a telescope and in 
the « >wi«nATy mnHinrf mod toi delicate galvanometer It eleotio'inagnotie damping is 
uaedj it is easy to ssi> the damping, but with mechanical melhodb il is muoli more dilh- 
eult 

In the particular csss when h ■■ 2w/r, the solution of equation (85) becomes 

a-r* C4+J/I (01) 

It the pendulum were displaced a distance a, and released at time l — 0j the arfailmy 
oonstants A x and A, taka auch values that the equation becomes 

■ -V^(l+«rt (S3) 

and fha pendulum approaches its position of equilibrium rapidly at firet but only roaches 
it after an infinite time. If WB law anmtial MW thn damping fan fall t wi« ^ itUjHil thw 
condition by starting with a damped pei iodic vibiabon and thon inn casing (he vnluo 
of s until the pendulum no longer aoaaa its eqailibnam position, when displaood ami 
released, the value of c would than be 2 r/T t 

A second ma t hnd to detanmna a a to stait the pendulum into sudden wiwti^ w by a 
smart blow delivered at the cantei of oseilUtion and then detamune the time foi it to 
attain its greatest diaplaoement Equation (68) becomes undai A** wnrytiimiM 


a——5—fa—^ 

a*!—at] 

(69) 

whore * s is the initial velocity IF we put da/di equal to aero, we And that the time of 
greatest displacement, t u ia given ly 

(*i—log, Sics 04SJ31og M !h 

(M) 

Under similar eonditaona, equation (8lj hanum.^ 

ani^r - 

and the time of greatert diaplaoement ia given by 

(05) 

4-1 

m 

(06) 


» “ ““dy.to «*»ft the poutton of equilibrium, thia.howevm, 

aff 60,8 pnn ? d ^y ■ OOMtanl: ' we have seen that Una is not the 
eass whenthB movement of the pendulum is slow in comparuan with that of the dium 
Mjt wouJdbo large pert of the motum m the caseunder eomideretlon Fnnod 

asarfasaKsajasasatsszsi 
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that IB, we must substitute for a, da/dt, and <Pa/dP, ihim values aa gtvan by the lecorri, 
and we can than oaloulale d*£/dP If, aa is geneially the oaaa, tho loooid ia not a simple 
regular curve, we mtibi detemnne 
tho values of a and thou of its 
deirvativcs for pointa of tho ourve 
at very email inleivals and then 
intagiata the resulting values of 
(Pf/df, giaphioally or otherwiae 
This proae&s ia vaiy long If, on 
the other band, tho leooid ia a 
simple haimomo cuive, and it fre¬ 
quently appiommates this for abort 
tunes, we nan integrate the aquation 
dueotty Equation (20) becomes, altei substituting the values of the ooeffimenls, 

g + ,,| + A_F«+J>K1=l>'-0 m 

whore wo bavo put n 1 for gi/L, 01 (2* /T^, ly equation (82) 

Lot ua suppose fust that Ihoio ia no lotatum, and the teim Vgu, disappoaia Choos¬ 
ing the origin of time when the pendulum haa lie gieataat elongation in the pontiva duoo- 
tum, we can wnto 

® ™ O* COS (2 ™ QfCMpt (08) 

da/(U«—jx^ainjrf, tf/tfa-jl^eoijr (09) 

jt ia a discontinuous function, having a constant numoiloal value, but suddenly ohangnig 
sign with the velocity which it always opposes We nan represent it by the sonee 

p'—l^CRinjif+ism3jit+iain5j)f • . .) (70) 

when nV, or (2ir/TJV, as m oquatum (Mb), ia the positive numerical value of p 1 , thia 
canoe represents the moknn line in figuie 44 for all values of l. Bubelitoting the above 
values m the equation of the pondulum, it reduces to 

F0-.*loos(jU-x)-^(suipf+iian8jf+- ■ ) (71) 

when 

<doosx—ei(nP—yP), -dsinx--2«po» -d , -a/|(« , -jO , +( s «P) , l (7*) 

Midtlplyiiig by dt and integrating ham f—0 to («(, we get 

)_4^(i+i + i . ) m 

fntegntlng ogam, after replacing the last aeries by its value, sr 1 ^ we got 
Ff-Ft-F^t-_^flos(ji*-x)+^oosx+^en.x.* 

+4J^slnpt+Ism8yl+. • (74) 
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Bunco this holds fu all values of t, we must have 

F(§'| -_^iin x +^i 
W. P 2 P 

F6--^w. x (76) 

FS--jjem(j*- X )+^(mi* + IsiuS/rf ) 

The suies oonveigBS so lapodly that ire may negjleet all but the flist turn, indeed, If we 
attempt to diaw the curve reivesentad by the Bernes making the amplitude of the flist 
tain 35 mm, that oT the aeoond tarn would be a little less than 1 mm and would ha\o 
a small oflccl (see figure 45), that of the thud teim would only be £mm, andila eUeet 
would haidly be paceptiUe on this soale Whan we eonuder that tho friction is by no 
means oonatant duiing a half awing of the pendulum, and that tbs euive recoided by 
our instrument is by no meano an aocurately harmonic cuivo, we feel enlnely jualifted in 
aaeepting the value of £ obtained by neglecting all tarns of the senes except the flist, as 
representing its tana value well within the hmita of our ohsavattona. We then have 


Vt - - 4 oos (pt - ~ smj* - 3 eoa i —*) 

P V 

where 

Bcos + --^e« x aen*--4imx+^ Jam x +!^! (77) 

If, howeser, we wish to lake into account tho second term of the eeim in equation 
(75), the second turn of equation (76) must be moieeeed by (4 n*t /*■/?) (sin 3 p(/27), and 
we obseme that it will have no effect on the maximum amplitude it 0 is 0, or ±00°, oi 

±120°, or ±180°, that it will ineroase B by 
4rny37*j£il +30°,oi + I50°,oi —90°, 
/ \ that It will dearaam it ty the same amount 

/ \ if *= -50°, or -150°, oi +90° If wo 

/ \ euppoee the period of the distuihanoe to be 

/ \ twice that of the pendulum, nVp^™*, and if 

- - _ . — »=0J am, then the change in B may, at 

*V 7 most, amount to 08x4/27^, or about 

\ J A cm , and if 7 ia 10, the altciatum in the 

\ / calculated value of the amplitude of tho 

\ / eaith'e disturbance may amount to ilyom, 

\. / oi 1*1 mm. Aa the actual amplitude ia apt 

n, u ^ to be one or more mdhmetem to produce a 

movement large enough to justify us in 
regarding p' aa a oonatant and thw make then ealmJa hmiw apply, the effect of tho 
a e o o nd tom ot the senea may be neglected within the limits of enure of observation 
and theory There data are fair values for the Boaob-Omau aeiunogiaph, foi other 
instruments they would have to he modified. 1 

1 H wawiahtouoid all appra nm atio n m our subitum, no can do ao britplaani tbe two oami 
Of flQUBtlQD (78) DJ then WIIUU 

an ntafnlBia wo And 

^=-4ooo«ie-z)+=gf-a5e 

ThnnnjJi tlttwIpwuwon byequoaan (75) botwooa 1=0 and I=P/2, but it doa not hold nWi 

■a™!, and tho vananoa bom UMhannaolo form ■ not aanadify awn 
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We find, theiefoie, that a simple haimomc lecoid coirespond* pietty cloecly to a 
umple haimomo dwluibanoe magnified in tbo piopoition oi 


Bi H e*T r _ 

fyV Vil'/p 1 + (8 « ’i/iy; 1 ) A nn x+1® x 4 > ywy 


era) 


nnce B/7 is the amplitude of the movement ot the support or (lie aaitli In the Biraplo 
ease whoie r—0 ,01 wheie it is small anough to be ncgloalod, the dcnonunaloi leducas to 
A/]?, and we haie, auhetibiting the value of A/j? fiom equation (72) 


TP 


V V 

■y/ip o^^+icp/nv-ii 1 vii«7V2»)(iyr i ) j + {(F/Ttf-iy 


oi by equation (44b) 

IK. 



(79) 

(70a) 


This is the formula given by Doctoi Zocppiita and is peihapa in as simple foim foi oal- 
eulatum as it oould be put It b a lunction of tbo iaflo P/T t , the oonslanla of the 
metiument aie taken amount of in the quanfiliee, T v a, and V, tho lallai we have scon 
equals f2/L In the particular ease whoie P— T v the magnify uig power boaomes 

21o& 4 Stage ' 7 


which glows laiger as « oi • grows amalloL, but nmlhoi « noi c oan om absolutely 
vanish, and thoicfme this magnifying powni oan npvoi boeomn infinite, though it may 
became veiy huge 

If tho solid fiicUon may not be negfoolad, wo must use tbo full denominator of oquation 
(78) and the magnifying power boeames 

w _ v _ _M> 

“ J»/K “ tt?^7o) i -l} J + l(fc Ft/Ir'HJ’/TdQi/n jjl P/T& I (If/ra^jyTo)* 

in which 0*T o /2ir) may be loplaoed Vy its value given m oquation (44b) 

The eolul fiiction adds two teims to the dononunaloi and 1 educes the magnilyuig 
powei, these terms depend not onlj an the value of rfT v P/T v and r, but also on (he 
iccoidcd smphtude, becoming less unpoi tant as the amplitude moicases Those lowuihe, 
equations (79 a) and (81), aie lather eamplieated, and could not bo easily and quickly 
computed 1 In repoi ling amphtudes, it would bo much better foi eaoh observer to deter¬ 
mine the magnifying power of hs instrument and to lepart the aotual movement of the 
giouxid, matwad of the movement of his metiument as is usually done 
We have found (p 168) that a simple haimomo vibration of the pointer, a ■ ^ ooepf, 
jb the result of an approximately simple haimomo disturbance of the support) f- ifi/V) 
oos (pf—d) Tbia result 1 a fame whatever bo the value of «, therefore it holds whether 
the free movement of the pendulum is ample haimomo os on page 158, or an —pwmiMi 
curve aa on pages 150 and 18B. We oan reveise the lesult ami say a simple haimomo 
movement of the support will produce an approximately umple haimomo movement 
of tho pouter. 
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If the movements of the pendulum aie aimjile hnimanic, and due to tdts alone without 
linear dupbcemonta, wo merely uiterebaiige — Vgta, foi Fff/dF in equation (71), we gat 

C 83 ) 

4a Ug dow not enter the equation aa a daivativa, no integration is mnomniy p 1 changes 
ita value suddenly from H-p 1 to — jf, or nee vena, when pf u aero or any multiple of 
therefore «, eonauta of parts of a simple haimonu ourva separated fay sudden discontinu¬ 
ities at these tunes But as we cam not admit dwoontmmties in the value of a> fl we must 
oondude that whan has an appreciable value, a aimple harmonic movement of the 
pointei can not be produced bv bite of the pound 
We am thaiefoie led to levone the prows and determine what movement of the 
pointei would be produoed br a aimple haimomc tilt of the pound We must leplaoe 
Ygm. in equation (67) fay 2? cos (pi—V},), and intepato the equation aftei omitting 
Fiff/ift* fTha some ablution would apply to the caac of simple haimomc lineal diiplaoe- 
manta if we omitted Fw, and lepluced F< PE/dP by £ooc(p/—VO i that is, if we 
f— — (JP/Fp 1 ) cos(p<— y^)) The solution of the equation would then he very simple if 
we could neglect p\ but when we consider thla term it beoamee rathor oomphoated, but 
it can be found. From the nature of the dutubing foice, and on account of the damp¬ 
ing and fnotion, it is evident that after a shut tame the movement of the pendulu m 
must become penodio and have the aamepenod as the face We can thorefme wi ito the 
ablution in the genual foim 

aBa,(’ooajtf-f 1 ) + a 1 ooa(32rf-^)+ . .etc -Sa.oos(nip(-(88) 

when m lepieaenta all poutive integua It la also evident that the aima of the broken 
curve m figure 46 (whioh represents the movements of the pointer, the continuous 

ouivB represents the distui banco) horn Qg to 0 | 
and flam a L to Oy must be perfectly similar, 
as the faces when the pendulum is moving 
in one direction are exactly the negative of 
thooe when it Lb moving in toe opposite dueo- 
taon Therefore the tame the pandulmw takes 
to awing bom a. to Oj will he exeetly half 
its period, and If we take the hone aa earn 
when toe pendulum is at Oy its in«iimim 
displacement, we can develop p # ae a eenee 
of antes of the form of equation (70) Sub¬ 
stituting there values inequation (07), after omitting FcPf/df, and requiring toe equation 
to be idimfacally satisfied, we have, with toe equation do/dt-0 when f-0, a 
number of conditions to deteimine the values of toe amplitudes a,, etc, end toe p 1 —— 

V\, Vf, cto, of equation (83), and thus completely to determine this sol u tio n The wak 
is rather long and it will be sufficient to give the result We find for toe ablution 



V* k1> 3—»PBosu*+ftsW—alsmiuif f (M) 

P P ** *• (wV-aV+f 2 ^)* J 

whan » has all odd poafevo Integral values greater than 1. a^-0, whan m la even 


[■ V— —n* 

* *s» («y-a^+(8«ipy 


with the 


valureof uu 
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Q iB found fiom the quadratia equation 

y sp+avY | JQ 8«rt , j,jr+g<rt», /i*y sjksii 1 . Fi=0 

■■ \ ■■) ■? 


triune N n written foi * J — jP. The othei letters have the same meanings bb hciclofoie 




w Y- n 9 

V(*V-»«y+ (2**^ 




_ 2 imp 

- b 1 / 1 +C* *iiy»/ 


The prcflence of both bum and oobum teinn in (81) shows that the movcmonl of iho 
pointa is not symmetrical about a vertical lino The solution ib loo complicated to bo 
of any geneiol use and n anoLhei example of the disadvantage of solid friction in oui 
seiamegiapha 

If the diatui banco is small, it may not be strong enough to overcome the solid fnotion, 
lefoning again to equation (87), wo see that no recoid will be mode in the cam of lineal 
displacements unless 

a'i/de>p'/V, 01 >■■»/F, or >4*4/1T. 1 , or >WXt, 
if f-XooajX 

we must have the maximum aoedmation, jWT>nVF, that is, X> (P/Ttfr/V. oi 
>(P/2w)'$ml t /All If the diatuibanoo n a small hll, *, mint be greator than pVPjp, 
if m^a ccaqt, in oidoi that a recoid be made we must have fl>4wV7p37, or 
In studying the action of Bolid (notion it has been supposed te he due 
both to Enctlon at the pivots and to Enolion of the marking point, whao the latter 
exists at all it is apt to be much greater than the Taimar If we are dealing with small 
diatui bonoes of pmiods not voiy sbrnt, the riiotian at the maiklng pant Is no longm a 
constant, but baa the chaiaclaistio of viscous damping Ro that in dotoi mining tho 
smallest diatui bonce that will produce a loeard, under these conditions, we must sup¬ 
pose j/ to refer to the pivots only and not to the marking pouit 

PioEsuar Marvin has shown how ♦, and consequently j/ and r, can be poetically 
reduced. He attaches a small eleetno vibrator to the heme carrying the lever, and the 
successive slight Jais produced by it diminish the eflootave sclul fiiotlon to a large 
extent 1 

The solutions we have found, showing the relations between the disturbance and the 
leoard when Bolid friction is present, refer to the final steady condition and do not apply 
to the of the disturbance The diameter of the reooid at the beginning of 

a simple in™*"" disturbance eon not be shown in a continuous form, as wo osn not 
r e p re s e nt jf as a senes unless It is periodic and we know the times when it changes sign. 
In the beginning of a disturbance these conditions will, in general, not hold The same 
remark applies to the case whae the disturbance consists of two or more simple har¬ 
monic motions of different periods But if p* osn be negLroted, these difficulties disap¬ 
pear and the solution of equation (87) becomes simple. If we suppose the disturbance 
to be made up of a number of sunpla harmonic linear displacements and tilts, we must 
write in the equation 

P?-C,0M(ltf-X,) + ClC08(ftf-Jft) + 
whence rg--fiooi(fti-itO-^oos(rf-»)+ ■ 

and we must write Ffo—*0+A« o> (®f“4s) + ■ (**) 



i Iu mow BM Bti m Wnpiiki wUi Mnnhulml BashbOkn Mivrthly late Rntnr, ISOS, 
nl mtr, pp HM17 
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The solution then beooma 

a - jr+u l cos(i»^-^ , )+ a,mipt—xf) + eta.+ B,ros<of- t +ele. (Ki 
wheie 

ni- Clp/ - Cl 

Vlir-j.tf+G^l)' ' !-11 J +4f fc T'SiwftPy/Tj ' A 

in.*'-*)- aC-V-^MP^ 


&i- 


lui f* 1 - «a = _ ipyr,!*-1 

AW'KW 


tea) 


f] 

A 1 


A(y.;ora/g;i 1 


A' 


with Bimilai fmms lor lhe othei sutanipts, the volusb of A end A' are evident And 
AT—jt|«r“am(2«/r)<t—when K<3r/T t 1 

= ar'»J t +.d f *if when »-3»/T 0 (80) 

— + when i > 2 w/I*. J 

wheie A v A v and L tuo aibitreiy constants to be* detei mined to eatufj the initial con¬ 
ditions , the a nine of 2 w/T n given by equation (37) and the values of Rj and m, by oqua- 
tion (69) 

We see therefme that the movumenta of the pointer will comet of a of ampin 

honnoiuc motions ot the same penods on the clistui bnntc, bnt with a difleionce of phase, 
and of the piopei movemont of tho pendulum, which is well maiked at the lw ^inmi^ of 
the movement, but dies down more tepidly Men laiger. tltho we have seen that we 
eon not get a general solution when there is Mini fiiotzun, os wo have when this is abbent, 
nevathdees it seems petty certain that the effect of solid faction would be to «Jn»i»n 
tho interval of iiregulni movement of the ponduLum before the legulei imnyinin movn- 
meals aie established 


HumncmoN or hvkuomio dotubbutocs 


The megmfioatinn of each simple linoer haimonic movement is given by the latao of 
the amplitude of the pointei to that of the dialuibanoe oonesponding to that movement, 
that is, a—<7/7, this beoamee 


jh l i r H v 

v t* J “ a j )"+ fl'O 1 v | (Pj/Ttf -11»+x^Pj/ro* 


(90) 


nhioh is the opossum we have wliwdy found in equation (79) 

To deteimine the magnifying powei far bits, we must compute the mMnimm an g nioi 
displacement of the marking lever with tho maximum angular tdt of the support. If 2 
ib the length of tho long aim of the marking lever} its maximum angular d is placement 
far a paifaoular movement will be 6/1, and tho wutwa mnw bit will be D/Vg, the retro 


* V|(ft/T^ I -lJ■+4.^«^^/2,/(Q 1 /2») , 
here Qj le the penod of that pM-fa™*** movement of the support 


(U) 
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A glanco at equatums iSS), (00), anil (01) shorn that in the lecoid the magnification 
aixl chongo of phase ol the vnuous luumnmc munmpnlb ot the dihtuibance aie dilFeicnl 
1 01 dilleienl pcuodb, and tboieloie ilia cuivo ol the lecad mil nut bo the mw ob tho 



wi i a « a 4 t a i u u » u ii ii n it u ii ii 

I'm 17 —llignih mg pum i of luicu daplnronmia 

ouive of the dibluiliance, if the lattci coiwwl* ot movemonta of nunc than ana peiiod, 
and it la not poaablo fa mcicamng x to equalise the magnification or the movement* foi 
diltoionl peiiodb and the phaao difloianeea, aiul nuikn the two ruivus aliloo, hut it 
might be posable to pick out the dilloicnt huinonie movement* m tho insoid and Ihon 



B* i •> a 4 a a t a a io ii ia u u is is is is ia as 

to calculate the hannomo movementa of the diatuibonce, we oould not) however, detv* 
mine whether these movementa wem linear displacements or tdta To malm deal the 
mfinence of damping, I have, fallowing Piofeaaai Wieahat, drawn the diagmma, figures 
47 and 48. Figure 47 ahowe the relative magnifying powem far linear diaidaeomenta 
for various values of the damping raho and far different ratios of the periods of the 
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disturbance and the fieo pailod of the pendulum, the cuivca ue calculated fiom aqua¬ 
tion (00) Figuie 48 shows the phase difTeiencee for the same voiiablcs calculated 
fiom equation (S3) 1 We notice that fai values of « not too luge, the magnifying poivu 
mol eases with the tatio of the peiiade to a maximum and then dunuibhes indefinitely 
The potation of die maximum, found by equating to no the derivative of (00) with 
respect to P/T v occurs whan 


and its value is 



(02) 

ir(dux>- r 

x'l -1 P/Ttf 

(08) 


Fai small values of • the inngni Tying pawm vunos cooimou^ly toi difteiont peiiods, 
becoming veiy loigo for peiiods appiooching the fieo peiuxl. InitnimentB with wtimii 
damping emphasise certain peiiods undulv As we uuneoee a, W hMwm* nunc uniform 
and when « ib about 8 1, IF vbiics hy less than one-tanth of its vnlus for all peiiods up 
to the free penod, and is vwy neaily oqual to V This amount of damping would bo 
excellent, but it would not make the euivas of disturbance and reomd alike, foi altho 
the magmfieahon of the diffoient peiiods would be praobeally the same, figuie 48 shows 
that the plum difteraneeB would not Nevertheless this ofleis great advantages, in 
the ease of neaily simple hoimanic movements, which probably ocaui not infrequently, 
am leooid would show tho magnifying power without long osleulations, whatever be the 
period, up to the free period, end the leooid would show dneetty die lelntne displace- 
ments u diffeient parts of the distauhanae, without unduly magnifying cortoin peats 
With this value of the damping rnbo the pioper movements of the pendulum would be 
damped out in one or two vdnataans The longer the propoi peiiod of the ptnwliilnm , 
the greater the lange of periods ova whioh the magnifying power lemoins noorly con¬ 
stant. Hue is ths piinoipal advantage of long proper pmode when leooiding harmonic 
distui bences 

For incieasing values of • tho pobition of the maximum moves to the left and hMnnw 
sero when 1-2- 0, which ooiieaponds to «-28 1 Fai values of « giealci 
than this there is no maximum, the magnification ■ gieatest for infinitely small values 
of P/T t and dinumshas for all gieatsr values, when « boeamsB u> 1, 2w/kT 0 equals 
unify, and the msbument is dasdbeat; W is considerably HiminwKi and vaiies greatly 
in value. 

The magnifying poser for bits is shown In figuie 40, it s equal to the variable peat 
of that for displacements multipliod by Its value is aero when Q/T 0 u 

indeflmtely small, it lucreoass with this footer and roaches a maximum when 


when its value is 


i 

T, 1-I(«ty2*y 


I7(siaa) 


» (Q/Ttf 
‘Vfl/TO 1 -! 


(02a) 

(08a) 


it then dimunwhes to n/i when Q/T 9 is indefinitely leigo The pambon of the wMiwnm 
is at Q/T 0 ■ 1 whani«l (i(,c B 0), it moves to the right as « inimyi—, reaching in¬ 
finity when 1—2(*Jj/2ir) , “ 0, ora—23 ] For greater values of ethers is no maximum 
Them is no value of « which produces a fairly even degree of m fiiflimtatm [ v B 

^ at 08 hi yiI um a( P/filMthan 1, andisOteviliiasof P/Tt 
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■nail range of value* of Q/T n when thia mlio is not loigo, except a value largB enough to 
reduce the displacement of lho pointci to a small fiocUon of that of the eailh. 

The faclm independent of the poiiod ia n/x, and this can be inoiaasod uidefimlcly 
by ihmwuii^ tlic numboi and magnilying powei ot llie leseis, and by diminishing i, 


■ _ _ .. ....i. 



wo aie, howevoi, conriontod by the liicbon ol the moiking point, wluch booomea no un- 
poi lent as we lnoicaao the magnifying powei Uiat small tilts aie not loooidcd But this 
can be overcame if optical methods of icgistiataon an used, and if the friction at the 
pivots is avoided by methods mentioned taithei on 

mSWIK UAOKITTIHO VOWHU. 

It is Impmlanl to magnify laigelv the movements of the ground by the eoumogiaphu, 
instillments in picaent use, which apparently magnify eight m ten fames, give sufficiently 
laige leooids of perta of strong distant earthquakes, but this ib piinoipally due to lack of 
Hum pin g and to the faot that the penods of the waves harmonise with Uio piopei peiiodu 
of the pendulums. If these pendulums wve damped to a aatio of 8 1, we should get 
much smaller locmda Lot us see how 7, the other factor In the magnifying power of 
lineal displacements, whurii ia independent of the penod, can bo altmod It might appeal 
that this factor could be moraaaed indefinitely by increasing the numbci of tho mulfa- 
plying leieia, and the ratio of their long to their short anna, but this is not bo, even 
when we negjoot the solid hletum The value of 7 given in equations (20) beoamea, on 
lepladng n and L by then values, 

— Jfh^, hJ 

v 1+ mT+iixV/" • + <"»V bJ)* 

whme x is the number of levers, end the sufassnpts of the Ts are omitted. let us sup¬ 
pose that the levers aie all slilm, we may then write (using the same notation as before), 
n,«n 4 etc mm, tho multiplying power of each lever, and ]'■/' -if; 
the equation beeemes 

7 JfAhur 4 /»jv 

r J|l+iiACl + rf + » 4 «7|l+iifl(ii^-iy(ia , -l)| ' } 
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We can me vaiious values ot n,, but the beet is when n,-A (ml)/(m J — 1; =* 1, which 
give* for the magnifying powei 


T r min«,)= 


j ri 

\Iyfl 




a* 

*’•-1 


(8B) 


x ean not he less than 1, and m is usually much gieatn, so that the iirdiral never dideis 
muoh bom unity, it can thcielme be neglected, anil we see that Lhe aiaumum value of 
V is uxlepemlent of tlie numbci of levels usoil, if wo gi\e its best values, ir we use 
only one level, », ! =l/A This is not always practicable, foi instance, foi Lha Boi>oh- 
Omoii msbument, 1/1 =■ 220,000, n L = 170, and since l 2 — 75 cm, l a becomes 015 cm 
On the olhci hand, we can detmimne tlie best numbers ot leveib to use by doteimining 
the maximum value ot V fm variations of x m equation 104). This gnos 


Jkg« 


log 


— 1 — 
a,i 


V(jutnt 


jriiw-i 


2mI-\ lVn J -l-a,! 


CM) 


Foi the Bosch-Omoii instrument, nfk =■ T l Tj about, and with hi —10, t beoomes 217, and 
the maximum value ot 1' is 78 It we omit n/L nod l in compaiibon with m 1 , tho above 
exptessraiib become 


1= ^ ' 1m — 

Slagm 2 log a 




MU 

2lV£ 


(97) 


l and I aie not independent, leplaea 1 by ltn value, F/I Tho momenL of meitia, F, 
ot each lever is pimcipallv that of the long arm, bis tlie shoit aim counle but liLUo, il 
we double the length of llic lever, wo must at losal qusdiupla its mass to keep it sliong 
enough, we may theiefoio suppoee itB moment of lnoiba equil to /J 1 , lnlioduoing this 
into the values of c and ot V(moL) we get 


1 ;U»-4 




r(NH»'k 


-VI 

divji? 


0») 


and we see that we get a gieater mulbplying powei, If we use Bhoil and light lavare, 
lathei than a smallor number ot longer and eouespandingly heavier ««« ^ tlnpwmia 
on the density and distii.huturn ot in Uic lovoie, and should be as 

oa possible Ml/Vl vailea ptqpoibonally with V~S, but veiy liLtle with l, Alia scvmol 
times os huge ns the ladius of gyration of the pendulum about its cimiiip 0 f gravity, 
theiefme V (mnr) can be increased by incicohing hi, rathei than by mni«M.n C l 
Wo havo not conudmod the boIuL fiiobon of the maikiog point, which, oa has 
shown an page 171, incieafies the imnunum acceleration which can be ragutered in the 
proportion ot Iho multiplying power of the levcn, and is m geneial so great that it exerts 
a oonb oiling mfluenoo ovra the possible magnifying powei of the instrument The 
in\ esUgabon, thetefoie, does not apply diieefly to BBumqgraphb with mechanical rogis- 
babon, but would apply to mabumenlB of the aeme knm if dizeet photogiaphio legistrar 
bon, asm the Mdne inbhunient, were used at the end ot the last level 
Hue biiggsets a method of optical legistznbon by whuh very high oab 

be obtained without placing the recording paper fu bom the lutrument In the —■» 
optical method the hgjht is reflected dneotly Grom s nmim earned by the pendulum, but 
if the mum is earned an the axle of a magnifying Imcr, the an^n tfaiu whioh it buns 
rnn be uwreaaed very greatly (fig GO) The magnifying power 


F. 


2d9 2 M!hM 
IS J+a^F 


(99) 
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vhoia A h the distance from the minor to the recording paper. The beeL value of n, ! is 
///', and the eoiimponding magnification is A/Zd/V//' As on example, suppose the 
pendulum consist* of a mass of 10 kg placed at a distance of 20 em bom the axis of 
rotation, / would be 4 x 10 *cm "gm , let F be 4 x Iff cm *gm, a liLtle greater than that 
ot the levci ot the BascbOmou lObtuinienL, then 7/7* —10 1 , and n ,—100 If d— 
100 cm, the magnifying pouar booomes 600 Ii we desire anj other magnification, «e can 



aoleat the ptoper values ol M, Z, Hi and d to give lL U a veiy high valuo of 7 is deched, 
the arrangement, nhowu u figure 01 can bo used. The hgliL is lofloolod twice from «mli 
muioi aiid at oadh rafleebon is doflooLod thru Iwioo the angle of lolaUon of the mmoi 
The magnification becomes 


Midi h,(1 +m+m j + • + »■■*) JtfHtHi(M + lKM a —1) 

■J+ - sVv'| 3 +«*+ “/(m J -1 )+h, j / 1 (ii*-1) 


aoo) 


d is the distance bam tlio lesL muioi, following the oouiso of the light) to Iho dium. 
Wo have nogloctod the anglo tinu whieh Iho light ia tuinoil by the minor on the pendulum, 
far willi any fsiily lsigo value of 14 lL n vmy small as oompaiod wilh the totaldofleclum 
of the light The besL value of a, is given liy 

H,*/'(ia J '-l)-.l(ii. -1;, a (i* 1 - l)/(«--!) ] 


and 

Kl*a0-M™ ■+*' 

wTf'M-lmP+l 


Cioi) 


The ladieol is laigasL w hen x is lsigo, bu t it docs not vary muoh, whenz— 1 , it equals 1 , 
when i— 2 , it equals Vi«i + i) , (m J + 1 ), wluoh equals 1006 if m- 10 , and when z= oo 
and »—10 it equals 1 111, so that vmy little is gsinod by lnereaBmg the number of 
levers, except to got a proper value of «| one easily If if— 10,000 gra., Z—20 cm,, 
d-100cm, 7-4x10*, 7 y -4xl0*, z- 1 , then 14 -100, and 7(moi)-2A/Zo(/4x 
10*—1000. If we makes-2, and m—10, then * 4 —10 and 7fmn)—1000 
If the value of 14 were fixed, we should find fm the best number of levers to use, and 
the omieeponding maximum magnification 

a—!_log(l + J.Zsd=i) 7(iia)-! (102) 

ios» x vr nf / ' * L^r+VJZ 4 (a* 1 -!) 


IT 
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Taking 1^=50 and the ieat of the data aa befoie, we get *—132, and K(hui) = 1000, 
the aane value ae befoie, but if we make i— 1, the neaieat ptactual value, we find 
FOnwJ—BOO, which u> not veiy mush lea By uang steel nbbon toi oonneetoib at the 
bvbb, and between the pendulum anil tbelevcia, oi by using one of the devion suggested 
by Di. C Mauika, 1 we eould easily get lid of solid fuctum, and lealiie the IheoietioBl 
values above. 


auBPiNBioNa or ROBnomAL wmataunm 

Theie an 4 forma of bub pension foi honsonlal pendulums (1) Tlie Giay aimpan wmn 
(figme 62), a hoiiaontal bum cauyuig a watght pi eases against a point, and is aup- 
poi ted fa}' a tie thiu its oentei of giavity Let F be the tension of the tie, P the pieBsuie 
at the pivot, supposed hoiiaontal, and TT r the weight, foi equdibiturn, these 8 foices 
must pan thiu the same point and we must have 

700041 = 17, m J'-TT/oobo 7aine=P= IFtina (109) 


The fiiotum at P depends upon the presume theie, and we see it is less as «is smallei 
This oan be bi ought about eithn by putting the weight elosei to the pivot or by length¬ 
ening the distance beLwecn the tiro points 
ufuuppoit By the Gist method wo shm ten 
the (balance ot the CO bom the axis of 
lotabon, and we change the values of tlie 
canatanta m the genetal equation, by the 
second method, thou constants aic not 
attested. 

(2) The Ewing suspension tins diHeis 
fiom the pieoedmg only in leplacmg (ho 
pivot by a thin steel nbbon, thus Hwng 
away with the (notion at this p«*mt The 
hoiiaontal beam ■ extended beyond the 
axis of rotation and ■ fastened to the axis 
by a steel nbbon Frofessoi Ewing sug¬ 
gest od that a a tael pm occupying the posi¬ 
tion of the axis of rotation, and 
flimly with the suppoit, should pass 
thiough a slot In the beam, and thus pie- 
vent lateral movements of this put of the 
beam, but this pm mtioduoes some (no¬ 
tion This use of a steel nbbon has only 
lately been put into praotaoe (by Professor 
Wieehert). 

(8) The von Bebeur-PSeohwits suspen¬ 
sion (figure 63) the pouts of support an 
sharp steel points resting u agate aupa, 
the upper one being tuned to produce a 
supporting fame The throe fanes P, P, 
and IF must meet u a paint, whibh is ver¬ 
tically below ar above the center of gravity 

Oa Ibahuttar, XV Jslupan 1B07 

_ 1 ~ r~—**iwlh —-fif Sa—m 

hr Hanratal Ho tin H Mafkb Wrote Havi 



no m 


1 Kuna Uabameht flbv die :_ 

i tba above was wnttw Prof 0 F 
the matml mar Bo rer. "A Umvanai I 
1007, toI XuyTpp tei 
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The two points of support and the oantei of gravity lia in a vertical plane when the 
installment is in equilibuum. The dneotion of the fames F and P ean be somewhat 
nonfanilnd fay the direction of the points and of tbs eupe, but Enetum will alter the 
dueobon of the foices to some extent. Usually a plane surfseo is used instead of one 
of the eupe, which rendeis H unnecessary that the diatonee between the points should 
be ezaotly the same as the distanee between the oenlem ot the eups. Taking moments 
about the points of support, we find 

,_1FVP+T> ,_TTVtf-V+» C1M) 

wheie the meanings of tho letteis aie shown in the figuie. These foices become equal 
when l 1 =l'/2, and they make equal angles with the veitioal, they then pan thru the CO, 
they become as V becomes leigsi in compel ison with l When the Iowa point 

picsees agonist a vorbeal plane agate surface, tho ducetian of P is hmiiontal, 

Ftm WVfl + t p-wj; (lOG) 

ifi-r, r-i4ip 

(4) TheZollnm euapension(figuie64), the beam is supported b} two wuobm, andm, 
fastened to the suppoib, ono above and one below tho beam. The dneotion of the forms 
must pass thiu the voiboalthiu the CO of the beam, and theiofare the angle ^ must bo 
gieater than the angle but the values of these angles can only be found thiu an equation 
of the fouith degiec, and can only bo expreret by a very complicated eapreasuin. The 
Zollner sospensum has the gieat advantage of not having any prole, and therefore, if 
on optical method of registration is used, there is no solid fhotion. For vmy dow move¬ 
ments it would answer vary well, buL for man rapid movements ile motuu ib too compli¬ 
cated It eon have linear diaplanemonte poiollel with and at light anglae to the beam, 
oe wall as a lotataon aiound a nearly veitioal axis at ng^it angles to tho beam The 
linear movement parallel with the beam also caused a virtual movement of the mass. 
Thau various movements, themselves tho efieota either of linear duplaeementa or bite 
of the support, eould not be separated bom eeeh other fay a single registration, and it 
would be Impossible to interpiot the record To avoid then oompheataone Pimee Qalit- 
im has proposed to have the beam pram by a point apinat an agate plate planed dose 
to the axis of rotation, and he hoe shown that even when the pressure Is wary light, the 
device will prevent die first two movements. Another way wwdd be to fasten the point 
of the beam where it erases the erne of lolatum by guy^hee. They would prevent it 
from movfog out of this position, bat would not interims with small rotations Fiinoe 
Qalitmn has suggested this "witlinH for other instruments. Either of them dovum pre¬ 
vents all relative motion amept a simple rotation, without introducing friction, and the 
theory of the instalment then beoomm the same aa that already given far the Grey or von 
Bebeur-Fasohwiti forms. AH instruments of the ZoDner typo in use up to the present 
tame have no device to prevent the aamphoated motaone, end in attempting to interpret 
the recorde of the California as given fay instrument! of tine type, we meet 

—wnnip that only rotations take plaice. 


Let ue now """"A** the movement! of an ordinary vertioel pendulum whose support 
la eubjeeted to an earthquake diebnbenee prodoaing the time dieplaomnanta, f, v, f, 
end the three rotabone, a^, a^. 

Let 0, figure 56, be the ongm of coordinates and let X, 7, and t be the enraritnatee 
of the pomt at support, then if 2 Is the dmtanae from the point of support to the 00, the 
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ooradinateB of the 00 mil be X, I”, Z—l. In the figure, we have, omitted the linear dis¬ 
placements foi the coke ot clmnem, and have lepteeenled the CO, os nut moved by the 
lotations, this inlioduces no nioi as the angulai lotatumo aze all given tlicu piopei 
\aluea. As m the cm* of the hoiuontal pendulum, let ue tefei the motion ot the 
pendulum to thice axes fixed in the pendulum surf moving mth it. and which aie 
ppiimpel axn ot uatia Aw (8) lies m the line ham the point of suppoit to the CO 



Axes (1) and f2) aie the totaled paaitiona of lines at right angles to (3) and pasting ihiu 
the CO, which weie, betas lotation, paiaHel to the fixed axes ot comdinalox. Axee 
paiallel with these and passing thiough the point of buppml have pumca 

We assume that theie » no lotation aiound the axis (3) It the pendulum woic su]h 
poitod at a mathematieal point, no suoh iota bon could be ael up as the dnoction of the 
loioe theie passes thiough the avis; poetically the eureorl is a small suifaeo and it 
might be potable An a mall moment to exist aiound axis (9), but it would be no small 
that we may safely nagleet it 

What Is actually measuied ■ the displacement, of the CQ lelativo to the CO,, that is, 
the angles $ x end 0 i , we must theiefore foim out equations of motion comieeling 0 1 ami 
0 S with the displacements anil lotataoiiB Using the same notation as faefme, except 
that 6 1 and 0 t are usod far the angulu displacements of the CO lel&trve to the CG„ we 
follow the same method to dmdop the cquaturns ot the pendulum. 

The linear aceeLenbons of the CO aie given by equations (4), and Euler’s equations 
of angular aeaderetiona around the CO are 

***+"'-A **<&+**-* ( 106 ) 
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nhme .1 and B aie the moments of the folios aiuund the axe*, thiu tho CO p«—lift ] with 
fl') amt 12 ') At> hefoic, we hate negteotal Uip leim containing Uio pioduol of tho angulai 
lelooiLun, as «■„ and thciefoie its dciivatives aio piacliudly 1010 Lot tlie pnmfc of 
contael of the pendulum and the indicate bo at a distance /, Horn tho point of suppoil 
of the foimoi Tho indioatoi mat be a veilicol lovei, in which o»aoj l and f t aio Lho two 
components or the inaction, 01 it may bo mado up oi two hmiaontal Icieis with 
bhoit aims aL light angle* to each oLhoi, and mossing at Uio point ol oontoot with tlie 
pendulum, m tin* enso./, ^ ft me the noiinal oomponenta of tho foice against 
lc\ei, and the fiielional eomponontb poiallel to the leveis oic nogleoted oa m the cau of 
the lunuonlol pendulum 
The moments of the Emcee aiound the CG aie 


A=-Fj+t t (! 4 -l) B-FJ-fith-l) (107) 

F t and F t aie given by two equationa similar to equation (10), the "«"«» of the 
anglea betweon the axes aie obtained Fiom Lho flguie*> 60 and 67, in tlie tune wray as in 
the case of the hoiuontal pwirlnlnm (p 152 ). 


oosfn 1) - OOB V(^+^l J +(^+^'. 1 
COT()r, l) = «n(^. + fl 1 fl 1 ) 

00B (v 2)™ — nn(»s — Bfij) 

oos(y, 2)-OOB Vf£ + tf+fo-MUP-l 

oosfe 2 ) = sinW + « -(* + *) 

We have 


(108) 

aoio 


6 + (*— 0^-lV-Mb V = + 

and 

eea** 1 w d? 

and theiefora 


(HO) 


( 111 ) 


W*-4-if{g + x£-<*-0$+ig-£} 


( 112 ) 


Putting tho values of the octanes horn equationa (108) and (100) in equation (10), we gBt 


F 1 =Ji+.*F , ,-0*+A)J'. - -».F.+F; + («^+tf,) (118) 

Introducing the values of F m F v and F m into theso equationa, then the values of 
F t and F t into equation (107), and than the valuea of A and B thus obtained into equa¬ 
tions (100), we get far our equationa of motion 



nnwiPT or THB GALIFOHNIA EABTHQUAEE COUMIBflION 


182 


+ {S + - r S , - CJr -°^ +, S- 4 }‘' 

-{ 3 + m ] - ^ 


(no 


CU») 


Ifm tnk« the point of auppoit asourangln, the that equation becomes (unse X= 7=Z 
■ 0, and wilting / m — /, + All 1 ), 



(llfl) 


La this equation we have ranmed that/,—/ a Hie frictional the point of oentacl makes 
it unpnuiHn to evaluate the tract value of/, it ie, moieovei, not luge when the mdioator 
ie light, and those assumptions aie alwayB very nearly Uuo By omitting somo of these 
teinu as iM ^ligiHn and not eomidenng the reaobon of the indieatoi, and making the 
pioper "Hnnp a of notation, tins equation becomes equation (81) of Frofeum WieeheiL 
If we tohi t b e miginal puptu^ of Mu — mu nngtn, w> have X = Y=Z—1=0. and 
the aquations became still simple!, namely, 




P+fl+'SMD'-CH^: 




(117) 


wheie we have alau pnt/ E =/, These equations leduee to Fimce Gnhtun's equation (00), 
on omitting eeiloin Lam* and with proper changes of notation. 

We oan simplify fmthei hy omitting some of the tarns, can be neglected in 

comparison with g, ai on page 1B4, the terms mnltiplymg ■, represent the moment aiounri 
(1) of the foioes parallel with x, end have a value an aocount of the very small angle 
between them These tenna me vay m«* 11 m eompaiieon with the terms not containing 
m„ end may be omitted, omitting also the tarns Z 1 A> 1 /tf and IjPm/dP far lessons 
given on page 164, our equations become 


~ m {fS+^+^J +/A CtU) 


With them amplifioatioma we bbb that the component movements of the pendulum in 
two directions at tight angles are just the same as tho there was two ample pendulums 
each oanetreinad co move m one veiboal plane. 

We must now substitute the vbIum of f % wsAf x bum the equations of the uidioaton, 
equation (22). 

With tbs same areumptaona made there, there equations are 


—/A' 'V 


(UB) 
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We suppon that the pivots of the mdicaioi lie on the positive sides of the awn of x end y 
robpectively Then equatiom lefei to homontsl indireUns with veiUcal eves of ratar 
turn, the pumes and seconds lefei to the two indicatois If, as in the Vicentmi pendu¬ 
lum, the fiibt multiplying level ■ veitioal, then tV 1 .' bcoomcs Oi , and 0," 
becomes 0 a ", with then changes equations (110) still hold. Anume that/, =/. and 
J w =f t , mite 0 B '— - n'flj , 0, — —n"0 v when n' — \/l^ and n" — /j/I,", and 
sic the longths of the shut arms of the indioatoiu Remamboimg tlial/,■* —/ a ', and 
/j— —j ", and substituting m equation (118) the values of 9iaAj x Tram equation (119), 
we get 

( 120 ) 

{§-»(%+*>} 


The second equation beeomn identical with equation (23) of the hmuontsl pendulum 
if we replace tPOJdP by <P0/dP, and 0* by id a , and shorn that the actions of the two 
types of instruments aie the same, but that, othei terms in the equations being equal, 
the foioe of leetitulion of the honsantsl pendulum is only t tunas as gical as that of the 
veitioal pendulum Tho fust equation ililton only in that tfn/dF has a negative sign, 
this aiises ham the fcusL that a positive accoleiation of * onuses a negative acodeiatiou 
uhnesb a positive accoleiation of f causes a positive acoeleiation of 0 a , which is 
sko tiue of the hoiuonlal pendulum pointing m the positive diicolion of y This diAoi- 
ence causes no confusion in piAofaae On inlioduaing lei ms far viscous damping and 
solid hiolion, we obtain equar 
turns exactly like (26) and an 
passing to the recoding pout 
we get equations like (26) 

Thaiefoie all that has been 
developed logaiding the hon- 
sontsl pendulum—the meth¬ 
ods of detai mining the oon- 
stants, the magmfying power 
far linear displacements and 
hits, and the interpretation of 
the record—applies equally 
well to the simple vabosl 
pendul um, if we replace t by 1 

THE UVKB1ED MUMIMIH 

The inverted pendulum 
ocnsiBta of a mass balanced an 
a point so that its Cf7 is verti¬ 
cally ovm the point. This 
posiiaon is rendered stable 
either by springs or by a 
second pendulum hanging im¬ 
mediately above, the two 
being so connected that the 
paints of contact sufim equal 
displacements, and their weights and lengths being so adjusted that the total face 
arising from a displacement tends to fanng the system back to Its original pasHaan 
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Thin form van originally suggested by Piofeseoi Ewing, 1 and the uecorid type above men¬ 
tioned n Bailed"Ewing's duplex pendulum ” A iod attached to the upper pendulum 
molds on smoked glam through a multiplying level, usually multqilyiiig Torn times 
Tie glam does not move and Iheieis no Jii angement foi leeoiding the time Thu 100011 I 
of movement a supeipomd upon itself and is usually difficult to intoipret. Several of 
these instiumants were working at the tame of the Caliloiiua earthquake, and then dia¬ 
grams aie lepioduced in Bemnogiamn, Sheet No 3 
Lately, Pioteswi Wieehert has greatly impioved the inveited pendulum■ He has 
made it veiv heavy, 1000 kg m mote, m aider that he might magnify the motion Bev¬ 
el si hundied tunes and still ml have the movement too much atleetod by the solid fiio- 
tion of the indicator He has added a strong visooub b iction so as to damp out the proper 
period of the pendulum and has thus produced a veiy effiment instrument 
To keep the pendulum in stable equihlmum, spimgs aie attached to a point of the 
pendulum distsnl 7 t from its pornt of support The Cm cos thus mUoduecd aie piopoi- 
tionel to the duplacanenl, let ue repieaent these fuices brought mlo play by poutiso 
angular diqdacemants, sud 8 V siound the axes (1) and (2) respectively, by a,7,0, 
and — VA. cod r^ would m geneiaL have about the come values 
The equation of linear aeodeialiona become 

U^=,F,-ifg (121) 

The moments become 


A-Jil-Afo-D-BiW.-O B=-FJ+f 1 (l l -l ) - - Z) (122) 

The oosmes of the anger between the moving and fixed axes ate the *««« aa foi the 
vcitical penduliun, aquations (108) and ilOB) The vnluca oi the comdinatn of the CO 
(r, y, t) eio oho the same os those given in equation (110), with the sign of 7 lcvoibcd 
Cairying thiu the same opemlion* as before, making the original position of the CO Lho 
origin of eamdlnales and omitting the negligible lams, wc aiiivo at the equations 



If these is no distuibanco (Pq/df, tPH/dP, ■*, anrl at, are oil sno, and m ordoi that the 
equihbiiiim should be atahlo, we must haw » 1 7 1 ! /3/7>i/ J and vJ?/An>g. Inlioduo- 
ing the valuee ot /.andy, from equations (110), dividing by [/.J, [/-J, and willing 
[/ (I ,]/1/Z— Lj, [ItrfMl—Lg we find 

Aftm adding damping and hictaonal tarns to these equations, thej difTei from equation 
(26) only m some of the signs (which ia a matter of notation), and m the faotoi mulLiply- 
ing the angular riieplaeanent If we icplacc {v^/AIl-gVg of equations (124) by i 
they become equivalent to equation (25), and an passing to the mmkuig points, we got 
equations equivalent to (26) Therefore all the ohaiaetenslics of the ti«ii«wifa»i pen¬ 
dulum and the interpretation of its record may be applied to the inverted pendulum if 
we suppoee t in the foimci to be replaced by {ptf/Ml—g)/g 


B Rwchart, Gariudfa Butrt|B mrGaqphyvk, 1B04, \ol VI, pp 4U-IB0 ^ 
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8EBH09BAPH8 FOK VERTICAL MOVEXERTS 

The oldei Italian foim ot instiumcnL fm showing vcitical move month nos simply a 
weight hung fay a spual spiuig, which would bo apt in motion fay nny vcitical movement 
ot the caith Pslmicii aimngcd it so that n 
vciv small displacement. was sufficient to close 
on dccbic cncuil and thus iccmd a diatui banco 
Cavallcii added a magmlying levn, which mea*- 
uicd the movement of the weight IIowcvci, the 
peiiod of such on in&Liunicnt would be shoit ■-1 ■ I 1 
unless the apiing wete moidinnldy long, and a L*£j 
second foim baa been devised to obtain a leigci 
period in a unallei compass This consists of a 
hoiuontol bai, pivoted at one end and caiiying 
a weight at the other, ili»auppoiledbyaspiing I— 
attached to an inlcimediato point of the bat 
This foim of instrument waadevised bv Thomas Gib) 1 Fioteiaoi Ewing' *>uggCbtod that 
the point of auppoil ot the spimg lie below the bat, thus inoicasing the peiiod fm a 
given bbength of spimg 

Let £ be the fmee ot the apnng when the pondulum is at ieat, and let p bo the vniiar 
tion of this foioo toi a unit etroloh of the spimg, than foi cquilibuum (ace flgme 60), 

JBf|—JU^ bO m Jfi/l b0 (126) 

and when the pendulum is dnplaoed thiu an angle 0 Lho adihtionol moment will bo 

|-(£7 l coB«)0B/,^^6-^sina e~-(pl, i -Eh)9 (190) 

m im aa 

and the free panod of vibiataon will be 

7i-lrV[W-A-9 vV[l] tyW- Jtyft) (127) 



We can thcicfoio make the peiiod as long as we choose by sdcolmg auitaldo valun ol 
p, I v M, I, and k 

The next modification foi inci casing the peiiod of the poiululum is dcaaibed by Pi of 
John Milne 1 The suppoiting spimg is a euived flat Bled band, and the compensation 
^ ^ is obtained by a special xpiiug fastened 

immediately above tho pivot to an aim 
oonneolcd ligidlv with the bai ol the 
pendulum As long aa the pendulum 
la at real thia spimg haa no effect, but 
when the bai is lalsed m lowncd, the 
apnng eacita a moment tending to 
uuseaae the displacement, thia M 
equivalent to reduemg the force of 
rcaUtution due to the main suppoiting 
apnng, and thcioforo meieaBea the 
peiiod of the pendulum. The prin¬ 
ciple here made use of aecma to have been that suggested by Piofcasoi Ewing. 4 Let 
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S' be the foico of the compensating spring end let V bo the length of the aim measured 
from the LniftMidge When the pendulum is displaced thru an antf e 9, the moment of 
the fames of lestitubon beoomoa 

-'Mo-BV-O-W-BV)0 (138) 

BB 

and the peiiod of Ene vlbratum is 

r.-arVCil/W’-B'V) (139) 

If the pendulum points m the positive dirsedon of y, it only reomda relative defleetioms 
around the a\is (1) To fiat the equation of motion of these unbumants when subjected 
^ , to a distmbanee, ure prooeed sa m the fanner oases. For the last- 

^1 1 £ desmibed instrument, uemg the same notation as heretofore, we 

a I ^ 01 find the equation of lineal dwplaoemenb of the CO, 

(ISO) 

The oosues of the angle* between the fixed aaes and tuns (d) are (figure 61) 

eoafi, 3) — — ooa(p,3)»-(<t+0) coa (* 3)—1 (181) 

and the geneial equation of angulai acceleration aiound axis (1) beoamee 

S4{(9 + ^- ,r+ ’&)' + (9 +x fc-'$ , -*>'' + '> 

The weight Mg has been ehmmated through equation (125) If we make the CO Q 
the migm of eomdinales, omit the negligible tarns, and add terms fa viseous flmpmg 
and solid friction, the equation heoomea 

®+2« —(188) 

If we had used the Ewing fam of attaching the spnng to a point below the her we should 
have obtained a aimilai equation with B and h substituted for E? and V The indicator 
equation beoomoa, writingn*for (2 r/T^, or (pi*— EV)/ 1/1 

whare e m thB iwmmtud itiiqilawwnPTit nf tlw winyhiig pnin+_ These 2 equations aie entirely 
similar to equations (26) and (26) for the horisontal pendulum, except that they do not 
eontain a rotation. The physical explanation of this is that the position of equilibrium 
of the horizontal pendulum reisfire to the support is altered by the lotabon but that 
of the vertical motion pendulum is practically unaffected fay a mall rotation about 
any axis If we plane our origin at the CO v the only term m the genual equation (182), 
oontaimqg the angular acceleration about (1), n (V[Jfl dfe/dP, which corresponds to 
the term we eomsdered an page 168 for the housantal pmdiilnm The factor 
will m gsnaral be email, for a beam —-wytug a brass sphere 10 em m diameter, at a 
distance of 40 em from the axn of rotation, it would not he as much as ■Inw 

fc/tf is, In genual, much leas than A/ff, the "vitw* of these instruments is only 
affected to an entaiely negligible extent fay a rotation around the CO 0 
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The Foiin of instrument in mast genual use foi laooiding veiUcal motion is that 
developed by Piofoosor Vinentim of Padua/ though tha principle seema to have been umd 
m Conuie, Scotland, In 184L 1 It conaifataof a hoavy mam anpported by an elastic lod 
bo that it vibrates m a vaitiosl plane, and leeoida by means of multiplying levels on 
smoked paper Usually thaie is no damping The complete thorny of tins instiumenl 
is that of a weighted elastic iod, and la veiy complicated It haa Boveial proper pen tods 
of vibration, and it would be set in vutioal motion by a hoiiaontal displacement in the 
direotum in which it points Wo can, howevsi, develop an approximate theoiy whioh 



la quite simple. Lot the inshument point in the positive dneotion of y and let a be posi¬ 
tive upwards, see hguie 03 Take the oiigm 0, at a distance C below the point whole 
theiodiasuppaited Intel, Cwill be oanaideied thoveitioal displacement of the auppoil 
Let l be the length of the iod, J tho so-called moment of moilia of its mom Motion, which 
mb oon&idei constant, B Young's modulus foi the mateiial of the iod, M the mam at its 
end, and M' an aibitiary mam It we """"dm the hoi but slightly bent, its euivatuie 
will bo lepieranted by dVdy", and we have from the geneial thorny of a loaded oanlilavoi, 
neglecting the weight of the rod, 

( 180 ) 

Inlegiate this equatum twioe, and determine the eonstante of mtegiatian by the oondh- 
tiane that ds/dy ■■ and «—t, when y—0, we got the equation 

ose) 

where ■ refers to the point on the bar wham absent is y. For the CO of It, y—I, and 
letting ■ now lepiesent the oidmats of Una point, we get 

0JS/(s-{-d)-2JtyP (137) 

which gives us the ordinate of the CO when It Is at met, the mase being snppaited by the 
slightly bent rod 

To determine tbe eoaelemtian when tho weight ■ not at zest, we may replace M 1 by 
M +Jf|, and by d'Alembert's principle, equation (187) will atoll hold whan we replace 
Mm by the fatoe [M]<Fg/dP, wfaeie A/df 1 h tbe aoeelerationof the 00 and when [Af]“ 
M+ Q l +nfl u + )/lf is the effective mam of M and the multiplying levem, tUa 
is analogous to the value of [/] detenmnod on page 166 and oan bo fonnd In tho asms way 
by the consideration of the roaotaans of the multiplying lsven. On making them substi¬ 
tutions we get far the equation of the moving 00 m absolute coordinates 

(187a) 

or 
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Wilting «, fim the oidinate ot the CO„ when at i«t and the aura at the end of the iod 
is M, we get hom (137l 

The last two equations give by publiaction 


i n the absolute oidinate of the CO, f, of the CO,, and f h the oidinate ot the CO, 
lelativn to the suppml If tlie support situates undu tho action at laithquake wave*. 

T will vary In aider to expiem the dibtdacomeiit in leims ot the motion ot tho CO 
lelatise to the CO, we must mme our oiigin to 1. and sail tho displacement of the CO 
hom this pout c , that u>, we substitute *—*,—*, and since «, — f is constant when K 
is vaiying undei the veihoal movement ot the support, iWitf, we gel 

r*_ Wl(&■+&) (139) 

Introducing damping and hiotumal tsima, and puttiug 8 SJ/[Af] Z"—(2■■ n a , this 
may be mitten 

g[+2.*; + rt+g± A -0 cuq 

Ebr Hie equation of tho maiking point wejnultiply by S— MjIH, , and sineo e, the 
displacement of the mm long pout equals ins', we get 

* + ,.* + *_ 5 g T y_, cut) 

which ihontuely similni to the equations of the othei fm ma of vm tied motion ustiumonte 
Aa we have only caneidaed linear displacements, tho position of the origin of oooidi- 
natcc ib ummpoitant, but Lf a Eolation oocrus, it must bo considered AiotaUonaiound 
the CO 0 an oiigm would evidently have no offeot, if we neglect the raomont of incitia 
of the mass about its CO, as wu have done But on nugulor acceleiation aiound 

an ama thiough 0 at light angles to tho paper would make a t — instead of * f —f 

constant duung the motion and would theicioie add a turn to (140) and 

mldnjdP to (141) Them tcima in genual would piohably be unimportant 
We see thus that tho apiuosimato oquatiom ot all forma of —my pl« lefaued to 
thaCOg aio of the same geneial Emm, except that no lotolion is piesent in the equations 
of the veitical motion lutauments The formulas i79a) and (81) am apphoable to them 
all to detoimine then magnifying powus 

SEPARATION OP UNBAR DISPLACEMENTS AND TILTS. 

A iigid bodv oan be moved fiom ana position m a plane to any other by "mm of a 
linear diapkoament and a iotation, altho the dueotaon of the axis of the lotatum and the 
amount ot the 1 otahon aie deteinuned by the two positions of the body, the diatanoe of 
the axis is not, we oan ohoooe this distance arbitrarily and then detmmine the lineal dis¬ 
placement to cauebpand, and the total displacement of a punt of the body will be the 
displacement due to tbe rotation aiound the axis plus tho linear displacement of the axle, 
as the lotatum ■ independent of the diatanoe of the axis the nearer the latter is to the 
body, the greatm will be the displaoament due to the displacement of the axis and the 
leas will bo that doe to rotation, and there is one distance of the aim for which all the 
ihaplaoemant may be exprasat aa a rotation We see therefore the origin of tbe difficulty 
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in eepsiabng displacements and rotations? fm thou relative eflcets in pi educing move¬ 
ment* oi the sciimoginpli depend on the ubitiaiv choice ot tlio axis foi the rotation 
Thib ippoais in oiiunUon (10), wlicie the valupe ol the \ouoiis coefficients depend on tlic 
ihoicc oT the oiigin ol cooidmates, about nhicli the rotations aib luppoacil to take plane. 

ir ue could get lid or the cflecli ol linear displacements, no could ileteimine the iota- 
Iiojib Thu was hiil done liv Finteaaoi Mdne, 1 who auppoi lal a bonm liy km I e-edge^s 
at itb centoi ol giavily, and later by Di Sehlutm * The*e inBliumcuts failed to ehow 
any Idle at the Lum* ot the uithquakok, which thcioloio niuel bo extremely email. 

A aeeond of datamiuing bile lias boon piopoccd by Prolessoi Wiecheit 1 

Let tno hoiuonlal pcndulume with equal value.* of *, vl/L and gi/L be installed, one 
\eihcally ovei the other, and let the origin of cooidinnteb bo ohoeen at the CG 0 of 
the lowm pendulum, ite oquation wdl be 

Hie equation of the uppa pendulum wdl be 

2 , +«‘&-!$-T£ + 20H T<rf - # <lU) 

it contains an oitia toim — InZZ'/LJd'a/dl 1 whom 2f —Z-i l n, m this ease, the dis¬ 
tance between llie centals of gianty of the 3 pendulums, tho oiigin of this term win 
appeal on lefaiimg to equation (10) On taking the diltoionoo of IhebO two equations 
wo get 



which gives us a 1 elation between the icooid and Llio angular aoooleiation of the outh 
about the am ol y without containing die llnou displacement If we woik out the valuo 
ot a, and substitute it in oquation (25) we ean then find tho linear aoceleialion Eiinee 
Galitsin has shown a veiy olcganl mannar ol oauynig out this pioeen by tho use of lus 
method of deotiomagnolie iceoiding thiu a galvanometer * Piolouor Wieelun L'a method 
piosuppaera that the suppoils of tho 2 pondulums move as tho the) wine paite of n iigid 
liody, and theroloio that tho moliona osn bo lopioscntod as the mmo rotation about the 
same axis This would cciloudy not lio the ease If the uppn instiumout wmo mounted 
in a lngh building, foi then the vitnalunn ot tho building would intaifcrc, nod it may 
be quoabonod whelhoi the oondition would hold foi two points at diDoicnl distucee 
below the surface ol the caith But it two pendulums aie mounted, one above the other 
on the eemo euppoiL, as Pi moo Gahtim uianged them In his expeumenle, Hum objections 
disappeei 

A similar method ean bo applied to vrnhcal mnlum instilments, let ue suppose that 
two umilai inebuments eio mounted tdose Logothai with thou axes of iota turn in theiamo 
stiaight line, but with thou beams pointing in opposite dneobons, it is evident that any 
veiticol displaeoment would afiect them shke, but a rotation around thou common axis 
ot rotation would cause movements m opposite directions The equations of the two 
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HEPomr or thb calipobnia earthquake oninmwKar 


instrument* would be, on putting the migm of eooidinatee at the azu of rotation ({Bee 
equations (132) and (134)), 

and _ (l 1 **) 

$+*•£+* 

on adding these two equations, the tilt disappears; and on Bubtnoting one from the other, 


ment and rotation of the same point, and therefore the separation of these two involves 
no supposition as to the motions of points at some distance apart 

Piinoe Galitsin has desuibed anothos method of measuiing compaiatively lapid tilts 
He has shown that a bar hung by wiiea of equal length, attached to its ends, Hie wires 
themselves being fastened to the support at diftaent heights, so that the bar hangp m an 
indued position, will be lotated around a vei tual plane bv a tilt at right angles to the 
plane of the wires, and this iota turn will not be affected by the swinging of the bar os a 
pendulum Tina is a modifioabon of the bifilar pendulum, by Mr Horace 

Darwin for the study °f How eat tli-tilts 1 

1 Bn 0 Dunam, Bihlar Buutulum for Ifeuunng EartibrTdta Nature, IBM, ml I* pp 240-MS 





£ * & luuu dwplaflemonte of the giound 
m, lotabon af lha giound 

P, peiiod of hiuu duplnoomante of tfan 
giound 

pmiod ot latnhona at the giound 
p-2w/P 

T, pound of the pendulum with damping 
T m pmiod of the pendulum without damp 
mg 

T„ pmiod of the pendulum without dump¬ 
ing whan ewung \eibcallj 
CO, aentei of giuvity ot the pendulum el 
any tamo 

CO* contei of gianty of the pendulum when 
utieet 

CO a contei ot guvity ot the pendulum mp- 
poeed ngidly oonneeted with the 
■uppoit end moving with it 
/„ moment ot meiba ot the pendulum 
about CO 

4m moment ot inmtan at the pn*iii™ 
about ana ot lotalum 

[J], eomplete moment ot inertia about aim 
of rotation, lnoludmg the magnifying 
lovue 


JT, mom of the pendulum 
l dialanoe of <70 Aom the uje etiolation 

L ■■ [JJ/if/, distance ot oontor of oooillnhon 
tiom nni at lotntiou 

i, inclination at earn of lototum to tiio 
vaitical 

L' ■■ L/i, langUi at nmple mathematical pen¬ 
dulum having the same pmiod 
■, coefficient at vinous damping. 

l/«, leUxelum tune, tliat u, the tame ie- 
qnired lm tlie amplitude to diminuh 
in the propoihon 1 1/e 
t, dumping imho. 

A, logautlimio deorament 

iV Ainhonel duplneemeni of medial line 

a, amplitude of the loomding paint 

A, lengo of tlie leomdmg point 

V f magnifying powm Ah rapid Imoai hai- 
mouie diipleramente 

W, magnifying powm Ah linear harmomo 
diajdanamente of any pmiod 
U, magnifying powm An hnrmanio lota- 
hone of nny period 


in 



USEFUL FUWDUE 


i-= T % -/Tf 

(*) 

l v \rj 

(38) 

r.- T 

Vl + (fcT/2»i 

(Mo) 

— vhen c iibmall 

(39) 

w-w/mei 

(44o) 

fsSY- lo s'« » l0B ’* 

\Sr/ ^+loe. J « 18B2+logf( 

(44b) 

2k k- n ^ 

(44) 

" = 2A &0m 

h 3 A 

(44) 

— -^m+l 

■*t+I " J*»+l 

(81) 

2 > 

(82) 

2 r- izl “*i+l — 4»1|| hi 

«+l 

(87) 

-W.-i 

*7* ■ B -U,-.d,.«.i 

(86) 

^*18M + Iog*.(^) + [(^) -1 J 

(79a) 

^gskshkh - brnmn^m m 

uJ* W T # 

(91) 

V ■ n7/£ b liT^X 1 — aJL’tt 

(29) and (S3) 

whan Oi u the displacement of the pouter ooireapotiding to en ■"[■i" 1 displacement 9 of the 
pendulum. 
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